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0.  ABSTRACT  (continued) 

given  ramjet  to  be  costed. ) The  total  cost  of  the  engine  is  a summation  of  all 
the  appropriate  cost  elements, 

A significant  accomplishment  of  the  program  was  the  development  of  a large 
cost  data  base  on  many  different  configurations,  materials  of  construction  and 
variations  in  manufacturing  processes.  This  data  base  should  provide  a good 
foundation  on  which  to  build  other  cost  data  as  it  becomes  available.  


The  costing  methodology  developed  under  this  program  has  been  shown  to  be 
fast  (a  complete  ramjet  engine  cost  exercise  can  be  done  in  3-4  hours  with  only  a 
desk  calculator).  The  methodology  is  flexible,  allowing  the  cost  estimator  to 
substitute  actual  cost  data  where  it  may  be  available,  and  to  include  special 
factors  where  he  feels  they  are  warranted.  The  methodology  is  Judged  to  be 
accurate.  Although  actual  production  data  is  not  available  for  comparison,  the 
bulk  of  the  cost  estimates  were  generated  by  detailed  Industrial  Engineering 
estimates . 


This  report  summarizes  the  approach  taken  in  defining  the  ramjet  assemblies 
and  sub-assemblies,  the  method  employed  in  costing  the  ramjet  components,  the 
baseline  cost  data  for  all  of  the  identified  components,  a description  of  the 
methodology,  and  example  problems  to  illustrate  bow  the  methodology  is  applied. 
The  report  also  identifies  areas  where  the  methodology  can  be  improved  and 
expanded.  As  the  methodology  is  used  by  government  and  industry  representa- 
tives, further  in^irovements  can  be  expected. 

The  cost  handbook  is  published  separately  from  the  final  report.  Copies 
of  the  cost  handbook  Eire  available  through  the  Chemical  Propulsion  Information 
Agency  (CPIA),  Johns  Hopkins  Applied  Physics  Laboratory,  Laurel,  Maryland 
208IO,  (CPIA  Publication  No.  288).  The  cost  handbook  is  self-contained,  com- 
plete with  instructions  on  how  to  apply  the  methodology.  It  is  presented  in 
loose  leaf  format  to  allow  future  additions  and/or  changes. 
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SECTION  I 
BACKGROUND 


The  concept  of  ranijet  propulsion  dates  from  1913.  Forerunners 
of  today's  ramjet  propulsion  designs  began  to  appear  in  1928  in  Germany  and 
France.  Research  on  ramjet  propulsion  in  England  and  the  United  States  was 
begun  during  World  War  II.  In  the  United  States,  this  research  culminated 
in  the  production  of  two  fully  operational  ramjet  engines  for  use  on  two 
missiles,  the  Bomarc  and  the  Talos. 

Since  the  Bomarc  and  Talos  engines  are  not  truly  representative  of 
current-day  ramjets  and  because  there  has  been  no  ramjet  production  program 
since  that  time,  historical  cost  data  are  not  available  to  the  weapon  system 
planners  for  making  projections  of  ramjet  costs  for  new  tactical  missile 
applications.  Further,  the  limited  cost  data  that  are  available  on  today's 
development-type  ramjets  may  not  be  directly  applicable  to  production  programs. 

These  technology  type  hardware  costs  have  been  further  distorted 
by  the  limited  quantity  of  systems  built.  Because  of  the  small  numbers 
that  have  been  built,  most  of  them  have  been  essentially  "hand  built", 
expensive  hardware.  Consequently,  these  hardware  costs  are  neither  repre- 
sentative of  what  co\ild  be  achieved  in  production  or  consistent  with  the 
cost  level  that  will  be  required  for  tactical  missile  applications. 

Prior  to  this  study  the  only  specifically  applicable  work  that 
had  been  published  on  ramjet  cost  prediction  was  the  Booz-Allen  study 
performed  for  the  Naval  Weapons  Center  (reference  l)  and  more  recently  an 
NWC  Technical  Memorandum  by  Mr.  Andrew  Victor  (reference  2).  The  first 
study  was  directed  toward  generating  cost  and  reliability  predictions  for 
two  specific  configurations:  an  integral  rocket/ramjet  and  the  Generic 
Ordnance  Ramjet  Engine  (GORJE).  The  second  study  dealt  with  the  generation 
of  Cost  Estimating  Relationships  (CERs)  for  a number  of  general  ramjet 
engine  types  based  on  cost  data  available  to  the  Navy  from  a variety  of 
sources  including  proprietary  production  engineering  cost  estimates. 

In  recent  years,  mission  requirements  have  emerged  which  can  only 
be  satisfied  by  ramjets.  To  demonstrate  the  cost  effectiveness  of  ramjet  ’ 

powered  missiles,  several  things  must  occur.  First,  a credible  method- 
ology must  be  available  that  will  predict,  with  good  accuracy,  the  cost  of 
ramjet  engines  over  a range  of  sizes  and  for  a variety  of  configurations. 

Second,  cost  must  be  directly  relatable  to  engine  performance.  Third,  there 
must  be  a concerted  effort  on  the  part  of  both  government  and  industry  to 
investigate  ways  of  reducing  the  cost  of  ramjets  and  ramjet  components  by 
the  application  of  low  cost  fabrication  processes  and  materials.  Finally, 
attention  must  be  given  to  the  identification  of  ramjet  life  cycle  cost 
(LCC)  factors  so  that  methods  for  reducing  the  costs  of  ownership  can  be 
developed. 

[ This  program  provides  considerable  expansion  of  the  ramjet  costing 

data  base  to  include  a broad  range  of  ramjet  engine  configurations,  a signi- 
ficant range  of  engine  sizes  (6"  to  l8"  diameter),  and  production  quantities 
! up  to  5000  units . Very  little  has  been  done  in  relating  performance  to  cost 

or  investigating  Life  Cycle  Costs,  but  it  is  believed  this  program  provides 
i a major  step  in  the  right  direction  and  can  provide  a good  costing  base  from 

\ which  these  other  studies  can  grow. 
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SECTION  II 
PROGRAM  OBJECTIVES 


The  primary  objective  of  this  program  was  twofold;  1)  to  develop 
a methodology  from  which  the  costs  of  parts,  sub-components,  components  and 
t sub-assemblies  of  ramjet  engines  could  be  accurately  forecast  and  2)  to 

develop  a cost  estimating  handbook.  The  methodology  had  to  be  applicable 
to  a broad  range  of  ramjet  types  as  specified  in  the  following  statement 
from  the  Air  Force  Aero  Propulsion  Laboratory  RFP: 

"The  costing  methodology  to  be  developed  shall  be  sufficiently 
flexible  to  permit  production  costs  to  be  generated  for  the  entire 
gamut  of  ramjet  ei.gine  types  ranging  from  the  simplest  pitot  inlet, 
constant  fuel  flow  (pressurized  tank)  design  to  the  much  more 
complex  integral  rocket/ramjet  design  with  widely  variable  fuel 
flow  (turbopump)  capability." 

The  methodology  also  had  to  be  presented  in  a form  suitable  for 
use  by  both  government  and  industry.  Additional  objectives  of  the  method 
were  that  the  handbook  permit  rapid  (U  hours  or  less)  and  accurate  (Class  1, 

± 10  percent)  cost  estimates  for  any  of  the  ramjets  when  used  by  a competent 
(familiar  with  the  methodology)  estimator  starting  with  a listing  of  the  key 
parameters  taken  from  the  ramjet  engine  drawings. 

The  requirement  that  the  methodology  allow  the  prediction  of  costs 
down  to  the  parts  level  dictated  that  the  methodology  employ  a modular 
costing  technique.  The  cost  of  a particular  ramjet  assembly  would  then 
be  determined  by  selecting  the  appropriate  modules,  determining  their  fabri- 
cation costs  and  adding  the  costs  of  assembly  of  the  modules  into  a complete 
ramjet  system. 

The  modular  costing  approach  has  several  advantages.  First,  it 
provides  a great  deal  of  flexibility  in  being  able  to  determine  the  costs 
, of  many  different  configurations.  It  provides  high  visibility  of  costs  from 
the  complete  ramjet  assembly  down  to  the  component  and  part  level  so  that 
the  primary  cost  drivers  in  a given  system  can  be  readily  identified.  Finally, 
the  data  base  can  be  easily  expanded  or  modified  without  disturbing  the  vali- 
dity of  the  model  or  the  methodology. 

A secondary  objective  that  might  be  considered  a derivative  of 
the  first  objective  was  the  establishment  of  a cost  data  base  for  ramjet 
components.  The  paucity  of  data  in  ramjet  component  fabrication  has  made 
it  difficult  for  ramjet  enthusiasts  to  know  where  to  start  to  obtain  system 
costs.  A comprehensive  collection  of  cost  data  resulting  from  this  program 
provides  an  excellent  starting  place  on  which  to  build.  Variation  in 
component  designs  from  that  shown  in  the  study  or  disagreements  with  presented 
cost  data  are  minor  perturbations  that  can  be  dealt  with  satisfactorily. 

This  data  forms  a common  base  from  which  any  ramjet  cost  estimates  can  start. 

A final  objective  of  the  program  was  to  demonstrate  or  verify  the 
validity  of  the  costing  methodology.  This  has  presented  a real  challenge 
because  there  is  no  current  production  ramjet  engine  program  on  which  a 
hard  comparison  can  be  made.  An  alternate  approach  to  methodology  validity 
confirmation  was  taken  and  is  described  in  subsequent  sections  of  the 
report . 
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SECTION  III 
APPROACH 


The  generation  of  the  cost  methodology  for  ramjet  engines  was 
, carried  out  in  the  following  manner.  First,  a study  was  made  to  determine 

the  overall  types  of  configurations  and  arrangements  of  ramjet  engines  that 
should  he  covered  hy  the  methodology.  From  this,  a general  description  of 
each  ramjet  type  was  made  and  the  system  Work  Breakdown  Structure  (WBS)  was  | 

I prepared.  Next,  an  identification  was  made  of  the  primary  structural  con- 

t figuration  and  component  designs  that  would  be  required  for  each  block  of 

f the  system  WBS's.  This  task  required  a detailed  design  description  of  many 

I components  including  not  only  pictorial  representations,  but  in  many  cases  j 

a detail  description  of  the  steps  in  the  fabrication  process.  j 

! Detail  estimates  of  the  baseline  set  of  components  were  generated. 

The  baseline  components  were  sized  to  fit  a nominal  15-inch  diameter  ramjet 
to  take  advantage  of  much  available  cost  data  that  had  been  generated  by  | 

Vought  in  earlier  ramjet  engine  Design-to-Cost  studies.  Cost  variations  as 
a function  of  size  change  were  determined  for  a number  of  specific  components 
so  that  cost  size  factors  could  be  established.  Learning  curves  were  also 
established  for  each  of  the  major  cost  elements  so  that  a quantity  adjustment  l 

factor  could  be  generated.  > 

The  next  major  task  of  the  program  was  to  organize  the  cost  data 
into  a handbook  form  that  would  be  easy  to  use  by  a qualified  estimator. 

Here,  the  modular  approach  was  taken  to  provide  maximum  visibility  of  cost 
data. 

The  final  task  of  the  program  was  to  exercise  the  methodology  to 
verify  its  validity/accuracy  by  making  comparison  with  a "known"  system 
cost. 

A more  detailed  description  of  each  of  the  above  tasks  is  given 
in  the  following  sections  of  the  report.  ; 

1.  RAMJET  ENGINE  DEFINITION 

A requirement  of  the  program  was  to  develop  a costing  methodology 
applicable  to  a large  number  of  the  ramjet  engine  types  from  simple  pitot 
type  inlet  podded  engines  to  the  more  sophisticated  integral  rocket/ramjet 
engines.  In  selecting  the  types  and  configurations  to  be  included,  special  j 

emphasis  was  placed  on  those  systems  cxirrently  under  study  and  development  j 

by  both  the  Air  Force  and  the  Navy.  i 

Eight  classes  of  ramjet  engines  were  defined.  Three  of  the  ramjets 
are  liquid  fuel  ramjets  (LFRJ).  The  first  one  is  an  integral  rocket/ramjet  | 

which  utilizes  a single  pressure  chamber  for  both  the  sustainer  and  the 
booster  operation.  This  arrangement  is  particularly  attractive  for  volume 
limited  applications.  The  second  engine  employs  a tandem  or  staged  booster 
which  is  separated  from  the  ramjet  after  the  system  reaches  sustainer  take-  j 

over  speeds.  The  third  LFRJ  is  a podded  design  where  the  ramjet  inlet, 
combustor  and  sustainer  nozzle  are  mounted  separately  from  the  missile 
airframe.  The  booster  may  be  separated  after  ramjet  take-over  or  it  may 
remain  with  the  missile  during  sustained  flight.  The  fourth  engine  type  is 
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a solid  fuel  ramjet  (SFRJ)  that  utilizes  a solid  propellant  which  is  burned 
^ with  ambient  air.  The  SFRJ  also  employs  an  integral  booster/combustor 

pressure  chamber  to  achieve  even  higher  volumetric  efficiency.  Another 
significant  feature  of  the  SFRJ  is  the  elimination  of  the  requirement  for 
fuel  pumping,  storage,  and  control.  The  fifth  and  sixth  engine  types  are 
solid  fuel  ducted  rockets  (SFDR)  (integral  rocket/ramjet  configuration  and 
tandem  or  staged  booster  configuration).  The  SFDR  which  utilizes  a fuel- 
; rich  rocket  exhaust  mixed  with  additional  air  to  achieve  an  afterburning 

effect,  offers  potential  advantages  of  high  performance  for  low  volume 
engines.  The  seventh  and  eighth  engine  types  are  liquid  fuel  ducted  rockets 
(LFDR).  These  engines  are  variations  of  the  SFDR  (with  IRR  and  staged 
, booster  configurations  also)  but  with  liquid  fuel  rather  than  solid  fuel 

sustainer  operation.  Although  this  system  is  not  currently  under  development 
by  either  of  the  services , the  LFDR  probably  offers  the  highest  performance 
potential  for  a given  engine  volume.  It  does,  however,  require  rather  com- 
plex fuel  management  systems  which  makes  it  very  expensive  for  many  missions. 

The  eight  configurations  that  have  been  defined  will  be  sufficient 
to  characterize  any  current  or  future  ramjet  engine  of  interest  to  the  mili- 
tary. A schematic  illustration  of  these  ramjet  engines  is  given  in  Figure  1. 

2.  WORK  BREAKDOWN  STRUCTURE 

A Work  Breakdown  Structure  (WBS)  was  employed  to  segregate  costs 
of  the  ramjet  engines  into  smaller  packages  so  that  better  visibility  of  key 

costs  drivers  would  be  possible.  The  usual  method  of  constructing  a WBS  is 
to  start  at  the  top  level,  in  this  case  a ramjet  engine  assembly,  and  sub- 
divide it  into  major  sub-assemblies;  then  divide  the  sub-assemblies  into 
components,  and  so  on  until  the  smallest  part  is  identified. 

In  one  sense,  a detailed  WBS  for  each  of  the  ramjet  engines  was 
I needed  to  establish  a breakdown  of  the  costs  to  a level  that  could  be  mean- 

: ingful  to  a person  conducting  a cost  evaluation.  In  another  sense,  the  WBS 

had  to  be  somewhat  general  because  limitless  configurations  had  to  be  dealt 
[ with,  and  the  cost  methodology  had  to  retain  flexibility  in  regard  to  specific 

[ configurations. 

I 

' The  original  plan  was  to  segregate  costs  down  to  the  parts  level 

i for  presentation  in  the  Cost  Handbook;  however,  when  it  appeared  that  literally 

thousands  of  individual  data  sheets  would  be  required,  a new  approach  was 
taken.  It  was  clear  that  the  initial  approach  violated  one  of  the  program 
objectives  of  establishing  a methodology  capable  of  being  exercised  by  hand 
and  in  a matter  of  a few  hours, 
t 

' The  magnitude  of  the  task  is  illustrated  in  Figure  2,  which  is  a 

} - schematic  of  a Work  Breakdown  Structure  for  the  LFRJ-IRR.  Several  levels  of 

the  WBS  and  the  typical  number  of  items  at  each  level  are  shown.  The  numbers 
at  the  right  signify  the  approximate  number  of  blocks  that  might  appear  at 
each  level.  The  product  of  the  numbers  shows  that  a potential  of  3,000  to 
over  11,000  parts  would  require  separate  cost  data  presentations,  Other 
ramjet  types  have  as  many  as  five  sub-assemblies.  Consequently,  the  number 
I of  parts  requiring  costing  would  be  *4,000  to  1*4,000, 
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FIGURE  2 PARTIAL  WBS  OUTLINE  SHOWING  NUMBER  OF  CHOICES  AVAILABLE 
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As  a result,  a closer  evaluation  of  the  level  to  which  the  WBS 
should  be  made  was  performed.  A number  of  things  was  apparent.  There  is  a 
large  number  of  ways  to  design  a particular  element  of  a ramjet  engine.  For 
example,  the  forward  attach  plate  shown  in  the  WBS  could  be  cut  from  sheet 
metal,  stamped,  forged,  machined,  or  even  cast.  It  could  be  attached  by 
any  number  of  methods  from  bolting  on  to  laser  welding;  and  although  certain 
limitations  on  material  choices  would  be  expected,  dozens  of  materials  could 
be  used  to  fabricate  the  plate.  To  investigate  the  cost  of  each  approach 
would  be  a never-ending  task. 

A second  observation  revealed  the  specific  part  applied  to  only  one 
unique  design,  and  the  part  may  or  may  not  apply  to  a slightly  different 
design.  Another  way  of  looking  at  it  is  in  the  previously  discussed  example,  where 
the  flow  diverter  could  be  redesigned  to  change  the  forward  attach  plate  to 
a different  arrangement,  combined  with  another  part,  or  perhaps  even  eliminated 
completely. 

The  net  result  of  this  evaluation  was  that  the  cost  breakdown 
shoxild  extend  only  to  the  level  where  practical  choices  could  be  made  by 
the  cost  evaluator.  This  level  turns  out  to  be  the  "component"  level. 

The  definition  of  component  is  rather  broad.  It  varies  from  an 
assembly  of  parts  (like  an  inlet  assembly)  to  a material  (a  particular  kind 
of  booster  propellant)  to  a complete  sub-system  (fuel  control  system).  A 
listing  of  the  components  is  given  in  another  section  of  the  report. 

After  the  decision  was  made  to  limit  the  WBS  for  each  engine  to  the 
component  level,  a WBS  was  prepared  for  each  of  the  ramjet  types. 

The  system  WBS  for  each  of  the  eight  ramjet  engines  is  shown  in 
the  Cost  Handbook  which  is  published  separately.  An  example  of  the  type  of 
WBS  for  one  of  the  ramjets  is  shown  in  Figure  3.  Note  that  the  WBS  is 
independent  of  a particular  design.  It  is  a general  WBS  for  a ramjet  type 
rather  than  a specific  one  of  a given  design.  This  is  in  keeping  with  the 
desire  to  make  the  cost  methodology  applicable  to  a large  number  of  configu- 
tations.  It  is  equally  applicable  to  an  engine  with  one  inlet  or  four  inlets 
or  applicable  to  one  with  a chin  inlet  or  an  aft-mo\inted  inlet . Therefore , 
these  are  the  kinds  of  choices  that  the  ramjet  cost  analyst  must  make  to 
convert  the  general  WBS  to  one  for  his  specific  design.  This  is  accomplished 
by  providing  as  many  of  the  basic  component  variations  as  possible  so  that 
the  cost  evaluator  can  find  a component  that  approximates  the  one  for  his 
particular  engine.  The  cost  of  that  component  is  then  assumed  to  be  repre- 
sentative for  his  component.  As  will  be  seen  in  a subsequent  section, 
several  hundred  specific  components  have  been  identified  exclusive  of 
material  choices  that  the  cost  evaluator  may  have  for  selection. 

The  decision  to  limit  the  detail  cost  breakdown  to  the  component 
level  satisfied  the  objective  of  having  a fast,  simple  approach  to  gener- 
ating production  costs  for  a particular  engine.  The  WBS  "Tree"  in  Figure  2 
shows  that  a ramjet  will  be  made  up  of  3 or  U sub-assemblies,  each  having, 
typically,  8-10  components,  thus  giving  each  engine  anywhere  from  2h  to  Uo 
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FIGURE  3 MAJOR  ASSEMBLY  WORK  BREAKDOWN  STRUCTURE  - LIQUID  FUEL  RAMJET 


individual  components.  The  goal  established  at  the  outset  of  the  program 
was  that  the  methodology  produced  should  allow  the  user  to  compute  the  cost 
of  a ramjet  engine  in  a period  of  2 to  ^4  hours  with  no  more  than  a slide  rule 
or  desk  calculator.  Allocating  five  minutes  per  calculation  for  each  com- 
ponent, this  methodology  falls  precisely  in  that  time  range  goal. 

3.  APPROACH  TO  COST  METHODOLOGY  DEVELOPMENT 

A number  of  techniques  is  employed  to  generate  costs  of  production 
hardware.  These  range  from  the  detail  "Industrial  Engineering"  approach  to 
the  "top-of-the-head"  estimates  of  the  p seudo- expert . A brief  study  of  the 
various  costing  methods  was  made  to  determine  which  was  most  applicable  to 
the  situation  and  the  needs  of  this  program.  A review  of  some  of  the  standard 
methods  and  their  applicability  to  the  program  is  discussed. 

Industrial  Engineering  Approach  - This  technique,  sometimes 
referred  to  as  a "grass-roots"  or  "building-block"  approach  is  based  on 
establishing  a Work  Breakdown  Structure  or  hierarchical  tree  of  work  elements 
which  can  be  individually  analyzed  and  estimated  in  detail.  The  estimates 
include  every  element  of  work  associated  with  the  production  of  that  part 
and  includes  everything  from  buying  the  raw  material  to  crating  and  shipping 
the  final  product.  The  total  cost  of  the  system  is  computed  by  summing  the 
costs  of  each  sub-element  of  the  WBS  along  with  whatever  additional  costs 
are  required  to  assemble  sub-elements  into  the  final  product. 

For  a given  design,  this  approach  is  obviously  th-t^  most  accurate 
approach  to  cost  estimation.  For  general  usage,  however,  where  specific 
designs  are  not  available,  the  procedure  does  not  have  much  significance  and 
the  estimates  could  be  misleading.  Within  certain  ground  rules  assumed  for 
this  program,  the  "Industrial  Engineering"  approach  has  been  used  extensively 
and  essentially  forms  the  backbone  of  the  cost  methodology  developed.  This 
will  be  discussed  later. 


Analogy  Approach  - This  technique  involves  the  direct  comparison 
of  the  product  in  question  to  something  already  built  and  for  which  cost 
data  exist.  The  costs  are  estimated  on  the  basis  of  similarity  to  the 
product  in  existence.  This  approach  has  some  good  and  bad  features  that 
should  be  noted.  If  the  two  products  are  very  similar,  then  the  production 
costs  should  be  very  accurately  predicted.  One  must  guard  against  automati- 
cally assuming  the  two  production  situations  will  be  identical,  however. 

For  instance  a labor  strike,  a materials  shortage,  a reorganization  of  a 
company,  development  of  a new  process  or  piece  of  equipment  are  examples  of 
factors  that  can  influence  the  final  cost  of  a product  and  possibly  distort 
the  projected  cost  of  a similar  product.  The  analogy  approach  is,  however, 
a valuable  approach  and  has  been  employed  extensively  in  the  development  of 
the  cost  methodology  for  this  program. 

Statistical  Approach  - This  method  requires  large  amounts  of 
historical  data.  It  is  similar  to  the  analogy  approach  in  that  it  predicts 
cost  on  the  basis  of  product  similarity.  The  historical  data  base  is 
statistically  analyzed,  by  regression  analysis  methods  or  other  mathematical 
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techniques,  to  produce  cost  as  a function  of  some  key  parameter  such  as  weight, 
size  or  performance  level.  These  are  generally  referred  to  as  CER's  (Cost 
Estimating  Relationships)  and  can  be  further  used  to  investigate  cost  sensiti- 
vity. In  one  sense,  the  statistical  approach  is  an  improvement  on  the  analogy 
approach  because  it  tends  to  "Wash  Out"  or  desensitize  the  cost  to  special 
factors  such  as  those  mentioned  previously.  One  thing  that  tends  to  make  it 
less  acciirate,  however,  is  that  it  averages  many  designs  into  one  composite 
design  which  may  or  may  not  be  truly  representative  of  the  design  in  question. 
However,  the  technique  is  a valuable  tool  and  was  used  a limited  amoiant  in 
this  program. 

"Expert-Opinion"  Approach  - This  approach  is  a great  simplification 
of  the  Industrial  Engineering  approach.  It  has  been  given  many  nicknames 
such  as  "SWAG",  "Ball  park"  or  "Top-of-the-head"  estimating,  but  basically 
consists  of  an  estimate  by  a person  or  persons  having  experience  and  knowledge 
of  the  costs  of  similar  products.  The  cost  estimate  is  generally  arrived  at 
with  minimum  or  no  formal  cost  breakdown.  Buffalano,  reference  (15),  describes 
a variation  of  this  approach.  It  utilizes  a group  of  "experts"  making  inde- 
pendent estimates  which  are  statistically  analyzed  using  a "Delphi"  technique 
developed  by  the  Rand  Corporation.  The  resxilts  are  then  given  to  the  evalu- 
ators to  judge  their  own  estimate  in  light  of  the  analysis.  The  estimating 
procedure  is  repeated  a second  time  and  the  results  analyzed  again.  The 
technique  has  been  used  by  NASA-Goddard  and  found  to  be  relatively  simple  to 
use  and  effective.  The  general  Expert-Opinion  approach  has  been  considered 
in  this  program  to  be  a "last  resort".  In  a few  instances  where  neither 
specific  cost  data  nor  a specific  design  was  available,  the  Expert-Opinion 
approach  was  the  only  way  to  obtain  a cost  estimate.  In  those  instances  the 
opinions  were  generally  the  result  of  a consultation  with  several  knowledge- 
able people  to  accomplish,  informally,  the  same  kind  of  iterative  process 
that  the  NASA  estimators  above  employed. 

The  basic  requirements  of  the  Cost  Methodology  for  this  program 
were  that  it  be  fast  (goal  of  four  hours  or  less  for  a complete  system 
estimate),  accurate  (goal  of  ± 10  percent),  and  simple  (capable  of  being 
worked  with  slide  rule  or  desk  calculator).  In  order  for  the  methodology 
to  work  for  a variety  of  ramjet  engine  designs,  it  had  to  be  flexible  in 
order  to  permit  cost  evaluators  to  use  their  own  cost  data  where  desired. 

The  final  approach  to  the  development  of  the  methodology  utilizes 
all  of  the  previously  described  approaches.  The  basic  structure  of  the 
methodology  and  the  bulk  of  the  cost  estimates  were  obtained  using  the  de- 
tailed "Industrial  Engineering"  approach  while  a few  of  the  components  were 
obtained  by  "Statistical"  and  "Expert-Opinion"  approaches.  The  basis  for 
computing  the  cost  of  any  given  ramjet  is  predicated  on  its  "analogy"  or 
similarity  to  the  components  that  are  described  and  listed  in  the  Cost 
Handbook . 

The  methodology  centers  on  the  selection  and  the  manipulation  of 
cost  data  for  key  components  that  have  application  to  a variety  of  ramjet 
engines.  A baseline  set  of  components  was  defined  and  detail  estimates  of 
the  cost  elements  of  each  component  were  made  to  arrive  at  a baseline  cost 
for  that  component.  Cost  adjustment  factors  were  produced  that  would  allow 
the  estimator  to  make  corrections  for  size,  quantity  or  production  rate 
variation  between  the  baseline  and  his  situation. 
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To  arrive  at  a cost  for  a given  design,  the  estimator  must  break 
his  system  down  into  sub-assemblies  and  components  in  accordance  with  the 
suggested  WBS  for  his  particular  type  of  ramjet.  He  selects  components  from 
the  cost  handbook  that  are  similar  in  function  and  construction  details. 

Cost  data  in  the  handbook  is  recorded  on  special  computation  forms  provided 
and  the  cost  data  is  "adjusted"  in  accordance  with  specific  instructions  to 
allow  for  variances  from  the  baseline  component.  The  adjusted  cost  of  each 
component  is  recorded  on  a cost  summary  sheet  where  the  estimator  can  compute 
the  cost  of  the  major  sub-assemblies  and  the  complete  ramjet  system.  The 
system  WBS  provides  a convenient  checklist  to  prevent  the  user  from  overlooking 
certain  cost  elements  of  a particular  ramjet.  The  methodology  is  set  up  to 
allow  the  user  to  simply  fill  in  the  blanks  on  certain  data  sheets  to  arrive 
at  the  complete  system  cost. 

Flexibility  is  a key  feature  of  the  methodology.  For  example, 
if  the  cost  estimator  has  some  "hard"  cost  data  on  a particular  component 
or  sub-assembly,  he  is  free  to  insert  that  cost  data  in  the  proper  slot  and 
ignore  the  corresponding  cost  estimate  in  the  handbook.  The  total  system 
cost  is  still  a summation  of  the  cost  elements  in  the  WBS  and  can  include 
independent  estimates  as  easily  as  those  estimates  in  the  handbook.  This 
assumes  that  the  estimator  is  substituting  cost  data  that  is  truly  inter- 
changeable. The  net  result  is  an  estimate  in  which  the  estimator  can  place 
even  higher  confidence. 

The  cost  data  in  the  handbook  is  considered  to  be  very  accurate 
for  the  baseline  components;  therefore,  if  the  subject  component  is  very 
similar  in  construction,  the  cost  projection  shoiild  also  be  accurate.  If 
the  subject  component  has  some  unique  features  or  requirements  that  distin- 
guish it  from  the  baseline  component,  a cost  difference  would  be  expected. 

The  methodology  has  been  constructed  to  allow  adjustments  in  the  baseline 
cost  data  to  compensate  for  design  differences.  In  many  cases  it  is  not 
always  straightforward  as  to  what  impact  the  design  difference  may  have  on 
component  cost.  It  will  be  a matter  of  practical  judgment. 

U.  BASELINE  SYSTEM  DESCRIPTION 

The  methodology  described  in  the  previous  section  requires  the 
establishment  of  a complete  set  of  ramjet  components  applicable  to  all  of  the 
ramjet  types  defined  for  the  program.  This  has  been  done  by  reviewing  all  of 
the  past  and  current  ramjet  programs  to  determine  the  configurations  and 
characteristics  that  are  prominent  among  the  designs.  For  example,  most  of 
the  work  today  is  oriented  toward  air-launched  ramjet  missiles  which,  because 
of  the  weight  and  volume  restraints,  are  predominantly  integral/rocket/ramjet 
configurations.  Information  gathered  from  these  programs  shows  the  components 
that  make  up  the  integral  rocket/ramjet  have  broad  application  to  a large 
niimber  of  engines  under  development  by  both  the  Air  Force  and  the  Navy. 

The  Vought-developed  ALVRJ  (Air  Launched,  Low  Volume  Ramjet) 
ramjet  engine  has  proved  to  be  an  invaluable  source  of  information  for  this 
program. 
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The  ALVRJ  program,  which  dates  back  to  1968,  has  been  the  source 
of  considerable  ramjet  technology  development  with  many  Design-to-Cost  studies 
being  conducted  along  the  way.  The  ALVRJ  system  employs  a liquid  fuel  inte- 
gral rocket/ramjet  propulsion  system  that  is  nominally  15  inches  in  diameter. 
The  air  induction  system  employs  four  concentric,  2-dimensional  aft-mounted 
inlets.  These  supply  air  to  the  combustor  chamber  following  burn-out  of 
the  booster  and  subsequent  ejection  of  the  boost  nozzle  and  chamber  port 
covers . 

A more  complete  description  of  the  ALVRJ  ramjet  and  related  systems 
can  be  found  in  reference  (3).  Figure  U shows  an  inboard  profile  of  the 
ALVRJ  system.  Although  the  ALVRJ  system  has  not  reached  production  status, 
there  is  an  accumulation  of  cost  data  on  the  six  prototype  systems  that  were 
fabricated  (five  of  which  have  been  successfully  flight  tested)  and  many 
alternate  component  designs  made  in  Vought's  extensive  Design-to-Cost  program. 


FIGURE  k ALVRJ  INBOARD  PROFILE 


The  Baseline  System  for  the  Cost  Methodology  is  built  around  many 
of  the  components  present  in  the  ALVRJ  system  in  order  to  take  maximum  ad- 
vantage of  a data  base  which  is  believed  to  be  accurate,  very  broad  (covers 
a number  of  manufact\iring  methods  and  materials),  and  applicable  to  a large 
number  of  other  ramjet  configurations.  Because  the  ALVRJ  system  utilizes  a 
15-inch  diameter  engine,  (which  is  within  the  6-inch  to  l8-inch  diameter 
rainge  selected  for  the  study)  and  much  of  the  cost  data  in  the  handbook  are 
derived  from  that  system,  the  baseline  components  are  sized  to  a nominal 
15-inch  diameter  engine. 
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Components  required  for  other  ramjet  configurations  not  present 
in  the  ALVRJ  or  not  part  of  one  of  the  ALVRJ-related  Design-to-Cost  studies 
were  also  defined.  Conceptual  definitions  were  generated  and  sketches  were 
made  in  order  that  detail  estimates  could  be  made.  In  order  to  be  consis- 
tent with  the  Baseline  System  ground-rules , they  were  also  sized  to  a nominal 
15-inch  diameter  engine.  A matrix  of  components  and  ramjet  engines  was 
constructed  to  make  sure  that  all  primary  components  of  interest  had  been 
included  in  the  Baseline  System. 

Minor  design  variations  of  the  prominent  configurations  are  also 
considered.  For  instance,  the  ALVRJ  system  employs  it  aft-motmted  2-D  inlets; 
but  the  methodology  is  constructed  in  such  a manner  that  if  the  cost  estimator 
has  only  one  or  two  aft-mounted  2-D  inlets,  proper  adjustments  can  be  made 
without  invalidating  the  handbook  cost  data. 

Additional  configurations  are  also  included  in  the  Baseline  System 
listing.  In  all,  there  are  eight  basic  choices  of  inlet  designs  exclusive 
of  material  choice.  Costs  are  projected  for  each  of  these  designs  — thereby 
giving  the  user  of  the  methodology  a large  number  of  inlets  from  which  to 
select.  Component  choices  were  limited  to  current  state-of-the-art  designs. 

No  attempt  has  been  made  to  select  a "best"  or  lowest  cost  design  in  the 
selection  of  components  — although  many  concepts  do  reflect  low  cost  fabri- 
cation techniques.  The  components  are  all  scalable  up  or  down  and  are 
applicable  to  the  full  range  of  sizes  specified  for  the  program.  Again, 
it  might  be  observed  that  some  of  the  component  designs  or  fabrication  pro- 
cessess  may  not  be  the  best  design  for  a particular  size.  It  is  conceivable 
that  a smaller  engine  might  be  designed  in  such  a way  that  standard  tubing 
or  other  materials  configurations  could  be  employed  in  place  of  rolled, 
welded  and  machined  materials  and  thereby  save  on  production  costs.  In  this 
regard,  the  baseline  components  listing  might  have  included  a description  of 
components  uniquely  suitable  to  the  smaller  engine  sizes;  however,  the  con- 
straint of  time  and  money  did  not  allow  this  to  be  explored  fully.  This  is 
an  area  which  could  be  done  during  a subsequent  program. 

One  of  the  drawbacks  to  having  a set  of  designs  for  the  baseline  is 
the  possibility  that  the  ramjet  in  question  may  have  a component  to  be  priced 
and  there  is  not  an  equivalent  design  in  the  baseline  data  bank.  This 
situation  can  be  handled  in  one  of  two  ways.  The  first  option  is  to  obtain 
a detail  engineering  estimate  of  the  fabrication  cost  by  qualified  estimators 
familiar  with  manufacturing  processes,  tooling  and  materials  costs.  The 
second  option  is  to  find  one  or  more  components  in  the  data  bank  that  have 
similar  characteristics  and  employ  similar  manufacturing  processes  and  attempt 
to  assign  some  degree  of  design  complexity  to  the  components  of  interest 
relative  to  the  component  in  the  data  bank.  This  is  the  "Engineering  Judgment" 
approach.  Although  it  is  a rough  approximation,  a simple  parts-count 
comparison  of  the  two  components  might  be  a first  step  in  approximation  of 
the  relative  cost  of  the  two  components.  Provisions  are  made  in  the  method- 
ology for  adjusting  the  cost  whatever  the  reason  might  be  for  the  needed 
adjustment. 


Illustrations  of  many  of  the  key  components  are  shown  in  the 
following  figures.  Figure  5 shows  eight  basic  inlet  types  — four  of  which 
are  typically  aft-mounted  and  the  other  four  are  nose  or  chin  inlets.  Figure 
6 illustrates  some  of  the  other  air  induction  system  components  included  in 
the  data  base,  including  some  of  the  fairings  and  covers  that  go  with  the 
baseline  inlets.  Figiire  7 shows  only  a few  of  the  combustor  chamber  assemblies 
for  the  liquid  fuel  ramjet,  solid  fuel  ramjet  and  ducted  rocket.  Note  the 
three  main  types  of  construction:  roll  and  weld,  machined  forging  with  shear 
spun  case,  and  deep  draw.  Figure  8 illustrates  the  booster  and  sustainer 
nozzle  concepts  that  are  included.  Figure  9 shows  some  of  the  booster  and 
combustor  miscellaneous  hardware  and  options.  Figure  10  shows  the  fuel  tank 
configiirations  ard  some  of  the  other  fuel  systems  hardware.  Figure  11  gives 
schematic  drawings  of  four  of  the  fuel  control  systems  included  in  the  data 
bank.  The  schematics  illustrate  the  simplest  to  the  most  complex  design  for 
fuel  controls.  Figure  12  shows  some  of  the  miscellaneous  hardware  associated 
with  the  liquid  fuel  systems. 

In  all,  there  are  over  125  specific  components  listed  in  the  base- 
line components  list.  When  the  various  options  of  construction  materials, 
propellant  formulations,  and  levels  of  design  complexity  are  included,  well 
over  300  basic  choices  are  available  to  the  cost  estimator  to  find  a match 
for  his  ramjet  system.  The  key  to  using  the  methodology  rests  with  the 
nvunber  and  variety  of  component  options  that  form  the  data  base.  If  the 
baseline  components  adequately  cover  the  field  of  choices , then  the  method- 
ology will  have  accomplished  the  goals  of  the  program.  If  there  are  vacancies 
in  the  data,  they  can  be  filled  by  simply  adding  the  component  configurations 
that  are  missing. 

Table  1 gives  a listing  of  all  of  the  components  in  the  Baseline 
Data.  The  alpha-numeric  identification  listed  provides  a key  which  is 
helpful  in  the  assembly  and  application  of  the  methodology.  More  complete 
descriptions  and  sketches  of  the  components  are  presented  in  the  cost  handbook. 

5.  COMPONENT  COST  GENERATION 

Projecting  the  cost  of  manufacturing  any  product  is  a hazardous 
business.  Special  situations  and  circumstances  will  cause  one  to  challenge 
any  set  of  cost  figures  that  are  reported.  It  is  not  expected  that  the  meth- 
odology or  the  cost  handbook  generated  under  this  program  will  prove  to  be 
an  exception  to  that  rule.  For  that  reason,  the  assimiptions  used  in  gener- 
ating costs  for  this  program  are  carefully  delineated  in  order  that  the 
reader  may  understand  what  the  numbers  represent  and  how  they  were  obtained. 
Then,  if  he  wants  to  make  different  assiimptions , he  is  better  equipped  to 
use  and/or  modify  the  cost  figures  for  his  specific  purposes. 

Production  costs  here  and  in  the  cost  handbook  represent  the 
selling  price  to  the  government  by  a prime  contractor.  The  price  includes 
all  materials,  sub-systems  and  services  that  are  purchased  or  sub-contracted 
plus  the  prime  contractor's  costs  and  fee.  Costs  are  production  costs  and 
do  not  include  design  or  development  costs.  A detailed  description  of  the 
labor  rates,  departmental  overheads,  burdens,  and  other  factors  will  be 
described  in  later  sections  of  the  report. 


FIGURE  5 INLET  SYSTEM  CANDIDATES 
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FIGURE  11  REPRESENTATIVE  FUEL  CONTROL  SYSTEMS 
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TABLE  1 

RAMJET  COMPONENT  MATRIX 

AIR  INDUCTION  SYSTEM  COMPONENTS 
A-1  INLET  ASSEMBLIES 

A-1-1  2-0  AFT  INLET  ASSEMBLY  - CAST  CONSTRUCTION 
A-1 -2  2-D  AFT  INLET  ASSEMBLY  - SHEET  METAL  CONSTRUCTION 
A-1 -3  AXISYMMETRIC  AFT  INLET  ASSEMBLY  - CAST  CONSTRUCTION 
A-1 -4  AXISYMMETRIC  AFT  INLET  ASSEMBLY  - SHEET  METAL  CONSTRUCTION 
A-1 -5  CHIN  INLET  ASSEMBLY  - CAST/SHEET  METAL  CONSTRUCTION 
A-1 -6  CHIN  INLET  ASSEMBLY  - SHEET  METAL  CONSTRUCTION 
A-1 -7  AXISYMMETRIC  PODDED  INLET  ASSEMBLY  - CAST/SHEET  METAL  CONSTRUCTION 
A-1 -8  PITOT  PODDED  INLET  ASSEMBLY  - SHEET  METAL  CONSTRUCTION 
A-2  INLET  AFT  FAIRINGS 

A-2-1  2-D  AFT  INLET  AFT  FAIRING 
A-2-2  AXISYMMETRIC  AFT  INLET  AFT  FAIRING 
A-2-3  CHIN  INLET  AFT  FAIRING 
A-3  INLET  SIDE  FAIRINGS 

A-3-1  2-D  AFT  INLET  SIDE  FAIRING 
A-3-2  AXISYMMETRIC  AFT  INLET  SIDE  FAIRING 
A-4  POD  ATTACH  FAIRING 
A- 5 INLET  OPTIONS 

A-5-1  2-D  INLET  COVER 
A-5-2  AXISYMMETRIC  INLET  COVER 
A-5-3  CHIN  INLET  COVER 
A-5-4  AIRFOIL  TYPE  AERODYNAMIC  GRID-2D 
A-5-5  AIRFOIL  TYPE  AERODYNAMIC  GRID-CIRCULAR 
BOOSTER/COMBUSTOR  SYSTEM  COMPONENTS 

B-1  COMBUSTOR  CHAMBER  ASSEMBLY  (INTEGRAL  OR  NON- INTEGRAL  DESIGN) 

B-1-1  CHAMBER  FOR  AFT  INLET  DESIGN  (LFRJ) 

B-1 -1-1  ROLL  AND  WELD  CONSTRUCTION 
B-1 -1-2  DEEP  DRAW  CONSTRUCTION 
B-1 -1-3  MACHINED  & SHEAR  SPUN  CONSTRUCTION 
B-1 -2  CHAMBER  FOR  CHIN  INLET  DESIGN  (LFRJ) 

B-1 -2-1  ROLL  AND  WELD  CONSTRUCTION 
B-1 -2-2  DEEP  DRAW  CONSTRUCTION 
B-1 -2-3  MACHINED  & SHEAR  SPUN  CONSTRUCTION 
B-1-3  CHAMBER  FOR  PODDED  DESIGN  (LFRJ)  ROLL  & WELD  CONSTRUCTION 
B-1 -4  CHAMBER  FOR  AFT  INLET  DESIGN  (SFRJ) 

B-1 -4-1  ROLL  AND  WELD  CONSTRUCTION 
B-1 -4-2  DEEP  DRAW  CONSTRUCTION 
B-1 -4-3  MACHINED  AND  SHEAR  SPUN  CONSTRUCTION 
B-1 -5  CHAMBER  FOR  AFT  INLET  DESIGN  (SFDR  OR  LFDR) 

B-1 -5-1  ROLL  AND  WELD  CONSTRUCTION 
B-1 -5-2  DEEP  DRAW  CONSTRUCTION 
B-1 -5-3  MACHINED  AND  SHEAR  SPUN  CONSTRUCTION 
B-2  BOOSTER  CHAMBER  ASSEMBLY  (FOR  NON -INTEGRAL  BOOSTER  ONLY) 

B-2-1  STAGED  (SEPARABLE) 

B-2-1-1  ROLL  AND  WELD  CONSTRUCTION 
B-2-1 -2  DEEP  DRAW  CONSTRUCTION 
B-2-2  NON-STAGED 


23 


i 


TABLE  1 (CONT.) 


B-2-2-1  ROLL  AND  WELD  CONSTRUCTION 
B-2-2-2  DEEP  DRAW  CONSTRUCTION 
B-3  SUSTAINER  NOZZLE  ASSEMBLY 
B-3-1  SILICA  PHENOLIC  INSERT 
B-3-2  METALLIC/SILICA  PHENOLIC 
B-4  SUSTAINER  IGNITER  ASSEMBLY 

B-4-1  LIQUID  FUEL  RAMJET  IGNITER 
B-4-1-1  EXTERNALLY  LOCATED 
B-4-1 -2  INTERNALLY  LOCATED 
B-4-2  SOLID  DUCTED  ROCKET  IGNITER 
B-5  BOOSTER  IGNITER  ASSEMBLY 
B-5-1  HEAD  END  IGNITER 
B-5-2  NOZZLE  MOUNTED  IGNITER 
B-6  BOOSTER  PROPELLANT 

B-6-1  PROPELLANT  FOR  INTEGRAL  BOOSTER  (SFRJ) 

B-6-1-1  HTPB  (HIGH  SMOKE  AND  LOW  SMOKE) 

B-6-1 -2  CTPB  (HIGH  SMOKE  AND  LOW  SMOKE) 

B-6-2  PROPELLANT  FOR  INTEGRAL  BOOSTER  (LFRJ,  SFDR,  LFDR) 
B-6-2-1  HTPB  (HIGH  SMOKE  AND  LOW  SMOKE) 

B-6-2-2  CTPB  (HIGH  SMOKE  AND  LOW  SMOKE) 

B-6-3  PROPELLANT  FOR  NON-INTEGRAL  BOOSTER 
B-6-3-1  HTPB  (HIGH  SMOKE  AND  LOW  SMOKE) 

B-6-3-2  CTPB  (HIGH  SMOKE  AND  LOW  SMOKE) 

B-7  BOOSTER  NOZZLE  ASSEMBLY 

B-7-1  NOZZLE  FOR  INTEGRAL  DESIGN 
B-7-1-1  SILICA  PHENOLIC/GRAPHITE 
B-7-1 -2  SILICA  PHENOLIC/METAL/GRAPHITE  #1 
B-7-1 -3  SILICA  PHENOLIC/METAL/GRAPHITE  #2 
B-7-1 -4  INTEGRAL  DESIGN  - CONSUMABLE  BOOSTER  NOZZLE 
B-7-2  NOZZLE  FOR  NON-INTEGRAL  BOOSTER 
B-7-2-1  SILICA  PHENOLIC/METAL/GRAPHITE 
B-7-2-2  CONSUMABLE  BOOSTER  NOZZLE 
B-8  BOOSTER  NOZZLE  RETENTION  ASSEMBLY  (INTEGRAL) 

B-8-1  BOOSTER  NOZZLE  RETENTION  ASSEMBLY  (INTEGRAL) 

B-8-2  BOOSTER  NOZZLE  ATTACK  CLAMP  ASSEMBLY  (INTEGRAL) 

B-9  BOOSTER  ATTACH  CLAMP  ASSEMBLY  (NON-INTEGRAL) 

B-10  DOME  PORT  COVER 
B-11  CASE  PORT  COVER 
B-12  AFT  SHROUD  (NON- INTEGRAL  BOOSTER) 

B-13  BOOSTER/ COMBUSTOR  OPTIONS 
B-13-1  FIXED  LAUNCH  RAIL 
B-13-2  EXTERNAL  FOLDING  LAUNCH  LUG 
B-13-3  FOLDING  LAUNCH  LUG/SWAY  BRACE/FAIRING  SUPPORT 
B-13-4  360°  & 180°  SWAY  BRACE  OR  SUPPORT 
B-13-5  THERMAL  INSULATION  FOR  IRR  (LFRJ  OR  DR) 

B-1 3-5-1  PTV  VENTED 
B-1 3-5-2  SRL  VENTED 
B-1 3-5-3  CONTINUOUS 
B-13-6  THERMAL  INSULATION  (SFRJ) 

B-1 3-6-1  VENTED 
B-1 3-6-2  CONTINUOUS 
B-1 3-7  STRONGBACK 
B-1 3-8  IGNITER  SAFE/ARM  ASSEMBLY 
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SUSTAINER  FUEL  SYSTEM  (LIQUID) 

C-1  SUSTAINER  FUEL  - LFRJ 
C-1-1  JP-5 
C-1 -2  SHELLDYNE 
C-1 -3  TK  DIMER 
C-1-4  SI-80 

C-2  SUSTAINER  FUEL  - LFDR 
C-2-1  UDMH 
C-2-2  HYDRAZINE 
C-2-3  MMH 

C-3  SUSTAINER  OXIDIZER  - LFDR 

TRFNA 

C-3-2  NITROGEN  TETROXIDE 
C-4  FUEL  TANK  - LFRJ 

C-4-1  FUEL  TANK  WITH  STANDPIPE  AND  FULL  BLADDER 
C-4-1-1  ROLL  AND  WELD  CONSTRUCTION 
C-4-1 -2  DEEP  DRAW  CONSTRUCTION 

C-4-1-3  MACHINED  FORGING  WITH  ROLL  AND  WELD  CASE  CONSTRUCTION 
C-4-1 -4  MACHINED  AND  SHEAR  SPUN  CONSTRUCTION 
C-4-2  FUEL  TANK  WITH  HALF  ROLLING  DIAPHRAGM 
C-5  FUEL/OXIDIZER  TANKS  (LFDR)  (REFER  TO  FUEL  TANK  SECTION  C-4) 

C-6  FUEL  MANAGEMENT  SYSTEM  (LFRJ) 

C-6-1  FUEL  DELIVERY  SYSTEM 
C-6-1-1  TURBOPUMP 

C-6-1 -2  SOLID  PROPELLANT  GAS  GENERATOR 
C-6-2  FUEL  CONTROL  SYSTEM 

C-6-2-1  SINGLE  AND  MULTIPLE  DISCRETE  FUEL  FLOW  RATE  CONTROL 
C-6-2-2  PNEUMATIC  ALTITUDE  SCHEDULED  FUEL  CONTROL 
C-6-2-3  FUEL/AIR  RATIO  CONTROL  WITH  PRESSURE  RECOVERY  AND  MN  LIMITERS 
C-7  FUEL  MANAGEMENT  SYSTEM  (LFDR) 

C-8  FUEL  MANIFOLDS  AND  INJECTORS 

C-8-1  WALL  MOUNTED  INJECTORS  IN  INLET  PADS 
C-8-2  WALL  MOUNTED  INJECTORS  AROUND  INLET  DUCT 
C-8-3  INTERNAL  STREAM  INJECTORS 

C-8-4  INTERNAL  STREAM  INJECTOR  FOR  PODDED  RAMJET 

C-9  FUEL  MANAGEMENT  SYSTEM  COMPARTMENT 

C-10  GAS  GENERATOR  - LFDR 
C-11  GAS  GENERATOR  NOZZLE  - LFDR 
C-1 2 RAM  AIR  TURBINE  SCOOP 
C-1 3 FUEL  SYSTEM  OPTIONS 

C-1 3-1  FUEL  TANK  FIXED  LAUNCH  RAIL 
C-1 3-2  FUEL  TANK  EXTERNAL  FOLDING  LAUNCH  LUG 
C-1 3-3  SUBMERGED  FOLDING  LAUNCH  LUG  AND  TANK  SWAY  BRACE 
C-1 3-4  FMS  COMPARTMENT  SUBMERGED  FOLDING  LAUNCH  LUG 
C-13-5  FUEL  TANK  FOLDING  LAUNCH  LUG/SWAY  BRACE/FAIRING  SUPPORT 
C-1 3-6  360°  & 180°  SWAY  BRACE  OR  SUPPORT 
C-1 3-7  FUEL  TANK  STRONGBACK 
C-1 3-8  PODDED  ENGINE  MOUNT  LUG 
C-1 3-9  EXTERNAL  INSULATION 
C-13-10  WIRING  & PLUMBING  TUNNEL 
SUSTAINER  FUEL  SYSTEM  (SOLID) 
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D-1  FUEL  - SFDR 

D-1-1  60%  MAGNESIUM  (CAST) 

C-1-2  60%  MAGNESIUM  (PRESSED) 

0-2  FUEL  - SFRJ 

D-2-1  UT-18818  (LOW  SMOKE) 

0-2-2  UT-146949  (HIGH  SMOKE) 

0-3  GAS  GENERATOR  CHAMBER  ASSEMBLY  (SFDR) 

0-3-1  ROLL  AND  WELD  CONSTRUCTION 
0-3-2  DEEP  DRAW  CONSTRUCTION 
D-3-3  MACHINED  AND  SHEAR  SPUN  CONSTRUCTION 
D-4  SOLID  DUCTED  ROCKET  NOZZLE  ASSEMBLY 
D-5  SOLID  DUCTED  ROCKET  SYSTEM  OPTIONS 
D-5-1  FIXED  LAUNCH  RAIL 
D-5-2  EXTERNAL  FOLDING  LAUNCH  LUG 
D-5-3  FOLDING  LAUNCH  LUG/SWAY  BRACE/FAIRING  SUPPORT 
D-5-4  360“  & 180“  SWAY  BRACE  OR  SUPPORT 
D-5-5  STRONGBACK 
FINAL  ASSEMBLY 

E-1  LIQUID  FUEL  RAMJET  - INTEGRAL  ROCKET  - RAMJET 

E-2  LIQUID  FUEL  RAMJET  - STAGED  BOOSTER 

E-3  LIQUID  FUEL  RAMJET  - PODDED 

E-4  SOLID  FUEL  RAMJET  - INTEGRAL  ROCKET  - RAMJET 

E-5  SOLID  FUEL  DUCTED  ROCKET  - INTEGRAL  ROCKET  - RAMJET 

E-6  SOLID  FUEL  DUCTED  ROCKET  - STAGED  BOOSTER 

E-7  LIQUID  FUEL  DUCTED  ROCKET  - INTEGRAL  ROCKET  - RAMJET 

E-8  LIQUID  FUEL  DUCTED  ROCKET  - STAGED  BOOSTER 


The  nature  of  the  product  implies  that  the  contractor  will  be  a 
major  aerospace  manufacturer.  Ramjet  engines  are  not  in  the  same  category 
of  manufacturing  as  turbine  engines;  therefore,  it  cannot  be  automatically 
assvimed  that  the  prime  contractor  would  be  limited  to  companies  which  have 
specialized  turbine-engine  manufacturing  facilities.  Ramjets,  by  their  very 
nature,  are  fairly  simple  devices  which  are  capable  of  manufacture  by 
eilmost  any  airframe,  engine  or  propulsion  system  company. 

Most  aerospace  companies  have  a myriad  of  special  fabrication 
equipment  and  capabilities;  therefore,  it  is  difficult  to  project  the  dif- 
ference in  manufacturing  cost  between  company  "A"  and  company  "B".  In 
order  that  the  program  not  bog  down  in  trying  to  establish  which  company 
is  best  equipped  to  manufacture  which  component , the  manufacturing  capabilities 
of  the  Vought  Corporation  are  assumed  "representative"  of  the  aerospace 
industry.  This  assumption  permits  the  cost  estimating  for  this  program  to  be 
done  in  the  same  way  Vought  estimates  any  other  production  job. 

These  basic  ground-rules  were  used  to  estimate  costs  for  the  base- 
line components  reported  here  and  in  the  cost  handbook.  Detail  estimates 
on  those  components  that  Vought  normalJ.y  manufactures  were  obtained  from 
qualified  departmental  estimating  specialists  who,  in  most  cases,  had  exper- 
\ ience  on  the  ALVRJ  program. 

Estimates  for  special  hardware  or  materials  such  as  castings  or 
forgings  that  are  produced  by  specialty  firms  were  obtained  from  vendors  or 
from  standard  costing  talogues  and  price  lists. 

Costs  for  subcontracted  services  such  as  propellant  loading  of 
boosters,  solid  propellant  gas  generators,  solid  fuel  ramjets  and  solid 
ducted  rockets  were  obtained  through  subcontracts.  Costs  for  these  services 
for  a range  of  sizes  and  quantities  were  subcontracted  to  Chemical  Systems 
Division  of  United  Technologies  (Sunnyvale)  and  Rocketdyne  Division  of 
Rockwell  International  (McGregor). 

Cost  estimates  for  special  equipment  or  systems  that  would  not 
typically  be  manufactured  by  Vought  were  obtained  through  direct  contact 
with  potential  vendors,  from  prior  cost  quotes  on  similar  programs,  and  from 
personal  contact  with  individuals  having  experience  in  the  areas  in  question. 
These  are  discussed  later  in  the  appropriate  areas. 

The  following  sections  will  describe  the  detail  procedures  and 
assumptions  that  were  used  to  generate  costs  that  are  presented. 

a.  Production  Cost  Elements 

There  are  many  people  and  organizations  involved  in  the  manufacture 
and  delivery  of  a product  like  a ramjet  engine.  Each  person  and  organization 
has  a specific  function  to  perform  to  insure  that  the  delivered  product  meets 
the  requirements  of  the  customer,  but  the  costs  for  each  function  are  accumu- 
lated and  charged  in  different  ways.  In  setting  up  a cost  prediction  methodology 
these  elements  of  cost  must  be  taken  into  account  and  their  sensitivity  to 
program  variables  must  be  determined. 
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In  a broad,  sense,  costs  can  be  categorized  by  Direct  and  Indirect  ; 

and  by  Recurring  and  Non-Recurring.  A general  matrix  of  major  cost  elements  ] 

within  these  categories  can  be  illustrated  in  the  following  figure. 


NON-RECURRING 


RECURRING 


DIRECT 

INDIRECT 

o Design 
o Development 
o Test 

o Production  Tooling 

0 Labor  Overhead 

0 Material  Overhead 

0 General  and 
Administrative 

0 Manufacturing  Labor 
o Materials 

0 Support  Services 

o Labor  Overhead 
o Material  Overhead 
o G & A 

FIGURE  13  COST  ELEMENT  MATRIX 


Direct  costs  are  those  costs  which  are  uniquely  and  specifically 
associated  with  the  product  being  manufactured.  Indirect  costs  are  those 
general  costs  associated  with  the  company's  doing  business  and  are  shared  by 
all  programs  as  a percentage  of  some  element  or  elements  of  the  program's 
direct  costs. 

In  developing  a methodology  for  predicting  production  costs  of 
ramjets  all  elements  of  cost  must  be  considered;  however,  only  a few  of 
them  have  major  significance.  These  are  production  tooling,  manufacturing 
labor  and  materials . Note  that  the  tooling  costs  are  in  the  non-recurring 
category  whereas  the  labor  and  materials  are  recurring.  The  approach  to 
estimating  each  of  these  three  elements  of  cost  is  discussed  in  the  following 
sections.  The  application  of  the  appropriate  percentage  factors  for  the 
other  cost  elements  (both  direct  and  indirect)  is  also  discussed  in  the 
section  on  dollarizing  the  estimates. 

A summary  of  all  of  the  cost  estimates  for  the  baseline  components 
is  included  in  Appendix  1.  The  tables  in  Appendix  1 are  separated  into 
components  typically  manufactured  by  the  prime  engine  contractor  (Tables  1-1, 
1-2,  and  1-3  for  the  three  main  structural  materials) ; components  and  services 
that  would  typically  be  subcontracted  such  as  thermal  ins\ilation  and  booster 
propellant  loading  (Table  1-U);  and  finally,  those  components  that  would 
typically  be  purchased  like  fuel  controls,  igniters  and  pumps  (Table  1-5). 

(l)  Manufactiiring  Labor  Estimating 

The  methodology  developed  for  this  program  was  designed  to  handle 
both  non-recurring  and  recurring  costs  associated  with  the  fabrication  of 
every  component,  sub-component  and  part  defined  in  the  baseline  system. 
Recurring  costs  are  those  incurred  by  all  departments  for  their  repetitive 
and  sustaining  effort  associated  with  and  in  support  of  the  serial  manufacture 
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of  a part.  Non-recurring  costs  are  those  incurred  only  once  dviring  the 
manufacturing  cycle  and  are  associated  with  program  costs  rather  than  part 
cost.  Figure  lU  illustrates  the  recurring  cost  breakdown. 


FIGURE  Ik  RECURRING  COST  BREAKDOWN 


Factory  fabrication  labor  is  the  direct  effort  required  to  transform 
production  raw  material  into  the  final  part  or  component . The  cost  estimating 
technique  used  at  Vought  utilizes  Industrial  Engineering  standard  equations 
to  calculate  the  pure  labor  standard  hours  associated  with  the  detail  fabrica- 
tion operations  performed  in  the  manufacture  and/or  assembly  of  a part.  These 
standard  hours  not  only  account  for  the  basic  work  content  of  a task  but  allow 
for  other  elements  which  are  part  of  factory  labor  such  as  fatigue,  waiting 
time  for  tools  and  materials,  attention  to  personal  needs,  etc.  Figure  15 
depicts  the  Vought  "Standard  Hour" . 


PERSONAL  DELAYS 


UNAVOIDABLE  DELAYS 


FATIGUE 


BASIC 

WORK 

CONTENT 

(SETUP  & RUN  TIME) 


TOTAL  STANDARD 
HOUR  CONTENT 


FIGURE  15  ELEMENTS  OF  FACTORY  LABOR 
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The  Industrial  Engineering  time  standards  at  Vought  were  developed 
by  Industrial  Engineers  through  repetitive  "stop  watch"  observation  of  indi- 
vidual elements  required  in  machining,  forming,  assembly  and  checkout 
operations.  This  standard  hour  data  system  has  been  used  in  manufacturing 
for  approximately  twenty  (20)  years  and  is  updated  continuously  for  the  effect 
of  new  equipment  and  techniques.  The  Industrial  Engineering  standards  repre- 
sent "ideal"  elemental  times  expended  in  the  performance  of  these  operations. 
These  "ideal"  elemental  times  involve  the  actual  time  measurement  of  a defined 
task  performed  by  a qualified  operator  working  at  a normal  performance  level 
in  accordance  with  a specified  method.  When  these  "ideal"  elemental  times 
are  related  to  the  Job  level  an  overall  allowance  factor  (15^)  is  added  for 
personal,  fatigue  and  delay  time. 

Standard  hours  at  Vought  represent  pure  labor  only  plus  V^%  for 
allowances.  In  projecting  standard  hours,  Vought  has  derived  from  its  shop 
history,  factors  for  each  group  of  operations  to  predict  unit  #1  production 
costs.  These  factors  determined  by  the  relationship  of  standard  hours  to 
actual  hours,  at  Vought,  are  called  realization  rates.  For  this  program  the 
following  #1  realization  rates  were  used; 


Operation 


Realization  @ §1 


Machine  Shop  17 . 5% 
Sheet  Metal  IT . 5% 
Welding  12.0% 
Bonding  12 . 0% 
Assembly  12.0^ 
Paint  10 . 0% 


The  manhours  for  unit  number  one  would  be  computed  using  the 
relationship 


Actual  Hours  No.  1 = 


Standard  Hours 
Realization  Rate 


Every  operation  is  normally  estimated  by  set-up  time  which  is  the 
time  associated  with  placing  the  work  piece  in  a tool  and  making  the  proper 
adjustment  prior  to  the  operation  and  by  operating  time  which  is  the  actual 
cutting  or  drilling  operation  associated  with  each  work  piece.  Set-up  time 
is  normally  prorated  over  a number  of  units  being  worked.  In  this  program 
the  lot  size  has  been  assumed  to  be  five  units. 


Other  operations  associated  with  the  fabrication  of  the  parts  and 
sub-components  include  cleaning,  chemical  and  heat  treat,  coating,  plating; 
ho’^ing  or  sandblasting  are  signified  as  processing  costs.  Processing  labor 
is  generally  estimated  as  a percentage  of  the  shop  labor.  In  this  program, 
processing  cost  is  assumed  to  be  12  percent. 


Actual 

Hours 


The  total  manhours  for  unit  number  one  is  determined  by  the  formula: 

0/T  ' ““ 

+ (Std.  Hrs.) 


No 


•-jp 


S/U 

(std.  Hrs.) 

(Lot  Size) 

Setup  + Operating  Time 


Realization 
Unit  1 


(S/W0/T)EE2£|p!£l. 


(S/U  + 0/T) 
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To  illustrate  how  the  estimate  of  standard  hours  was  used  to  estimate 
manufacturing  labor  costs  on  this  program,  the  following  example  is  provided. 

Figure  l6  shows  a sketch  of  a 2-dimensional  aft  inlet  assembly 
(component  A-1-2).  A listing  of  the  components  parts  is  shown  on  the  figure. 
Detail  estimates  were  made  on  each  part  and  sub-component  assembly  for  every 
operation  associated  with  the  fabrication  of  the  c.mponent. 


2-0  AFT  INLET  ASSEMBLY 
SHEET  METAL  CONSTRUCTION 


-9  ]■' LANCE 
-10  FLANGE 
-11  FAIRING  INTERFACE 
-12  FWn  SUPPORT 
- 1 3 BODY 
-14  FLOOR 
-15  SPLITTER 
-16  FWO  RAMP 
-17  DIVERTER 
-18  DIVERTER 
-19  SUB  FLOOR 
-20  FOOT 
-21  FAIRING  CLIP 
-22  RIB 

-23  AFT  Fl-ANGE 
-24  BASE  P LANGE 
-25  BOSS 

-26  IlELICOIl,  INSERTS  (NOT  SHOWN 
-26  AFT  P’AIRING  ATTACH  HARDWARE 
-27  (NOT  SHOWN) 

-28  INLET  INSTALLATION  HARDWARE 
(NOT  SHOWN) 


FIGURE  l6  2-D  AFT  INLET  ASSEMBLY  - SHEET  METAL  CONSTRUCTION 


To  show  the  magnitude  of  the  estimating  job,  Figure  IT  illustrates 
the  amount  of  work  associated  with  generation  of  the  machining  operation 
estimates  for  one  of  the  sub-component  operations.  A summary  of  the  complete 
standard  hour  estimates  is  shown  in  Table  2.  Note  that  the  hours  are  divided 
into  set-up  and  operating  time  for  each  of  the  four  different  shop  operations. 
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FIGURE  IT  DETAIL  ESTIMATE  ON  FINAL  MACHINING  OF  INLET  ASSEMBLY 


i4ANH0UR  SUMMARY  - STANDARD  HOURS 
17-1+  PH  SHEET  METAL  INLET 


The  total  machine  shop  hours  at  unit  No.  1 are  estimated  to  be: 


+ X (1.12)  = U07.89 

Similarly,  the  sheet  metal  shop  hours  at  unit  No.  1 are  calculated: 

|’(5^)^(ll_92o)j_^  X (1.12)  = 83. U8 
The  weld  shop  hours  are  calcvilated: 

[^j^|^j  + (23.389)j— ^ X (1.12)  = 224.62 

And  finally  the  component  assembly  hours : 

P |j+(l.4l2)j  — X (1.0)  = 11.77 

The  total  shop  manhours  for  fabrication  of  the  first  inlet  assembly 
is  the  sum  of  these  foiir  shop  estimates;  i.e.,  727.76  manhours.  These  ho\irs 
were  based  on  four  inlet  assemblies  per  engine;  therefore,  the  manhours  per 
inlet  would  be  l8l.94. 

Appendix  1 gives  a complete  listing  of  the  total  production  manhours 
at  unit  ninnber  one  for  every  component  that  was  estimated  in  the  program. 

Developing  estimates  of  factory  labor  hours  at  specified  units  of 
production  other  than  #1  unit  is  accomplished  by  the  application  of  an  historically 
developed  improvement  c\irve  sloped  to  the  #1  unit  costs.  These  improvement 
cxirves  are  derived  throxigh  detail  analysis  of  shop  production  cost  data  and 
include  allowances  for  such  things  as  operator  familiarity  with  the  job,  engi- 
neering changes,  lot  size  changes,  tool  adjustments,  give  and  receive  instruc- 
tions and  work  stoppages  due  to  part  shortages.  This  projection  of  standard 
hours  is  illustrated  on  a log-log  graph  showing  a cumulative  average  cost 
curve  in  Figure  I8. 

Below  is  a summary  of  the  cost  improvement  curves  used  in  developing 
the  methodology  for  this  program. 


Units 


Improvement  Slopes 


1-5  85^ 
6-100  80^ 
101-600  88% 
601-2000  95^ 

2001&Sub.  98^ 
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Hours 


FIGURE  18  CUM  AVERAGE  COST 


Cost  estimating  relationships  have  been  developed  in  this  program 
to  estimate  the  labor  hours  for  recurring  support  labor  functions,  i.e., 
quality  control,  tooling,  manufactiiring  engineering,  and  graphic  services. 
These  sustaining  support  costs  are  incurred  to  maintain  the  normal  production 
run.  The  activities  required  to  support  production  may  be  briefly  described 
as:  maintain  engineering  drawings,  perform  material  reviews,  maintain  pro- 
duction planning  papers  and  quality  control  visual  checklists,  maintain  the 
tools  to  include  rework  and  replacement , provide  blueprints  to  all  work 
stations,  perform  receiving  inspection  of  material,  and  process  control  and 
inspection  of  parts.  For  this  program  these  support  services  were  estimated 
at  30%  of  shop  labor  for  inspection  and  quality  assurance  and  12%  of  shop 
labor  for  manufacturing  engineering  support.  These  manhours  are  assumed  to 
be  at  a different  labor  rate  than  the  manufacturing  shop  hours  and  are, 
therefore,  dollarized  separately.  This  is  discussed  in  a later  section  of 
the  report. 

(2)  Material  Estimating 

There  are  several  major  categories  of  materials  cost  that  must  be 
estimated.  In  broadly  defined  categories,  these  include; 

(1)  Raw  materials 

(2)  Purchased  parts 

(3)  Purchased  labor  (subcontracted  services) 

(U)  Other  (such  as  low  cost  purchased  parts  and  shop  supplies) 
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Raw  Materials  - Raw  materials  include  all  of  the  basic  materials 


that  are  purchased  in  sheet  form,  bar  form,  billets,  castings,  extrusions, 
etc.,  that  have  to  be  further  worked  into  the  proper  configuration  required 
' by  the  end  product.  Most  of  the  material  costs  for  this  program  are  raw 

materials  and  are  based  on  a per  pound  or  per  square  foot  basis.  Since  the 
materials  will  be  cut  or  worked  in  the  shop,  there  will  be  the  need  for 
additional  material  to  allow  for  cut-off  allowances,  scrap,  defective  and 
spoiled  material.  This  is  handled  by  the  employment  of  utilization  factors. 

Utilization  factors  vary  for  the  type  of  material  and  even  how  the  material 
is  used  in  the  manufacturing  process.  The  utilization  factor  is  normally 
expressed  as  a percentage  and  is  simply  added  to  the  basic  materials  esti- 
mate. For  example,  if  a material  estimate  is  ten  pounds,  the  cost  per  pound  i 

is  $5  per  pound  and  the  utilization  factor  is  20  percent.  The  total  cost  | 

estimate  would  then  be  [ (lO)  x ($5)  ] x (l.20)  = $60.  j 

Purchased  Parts  - Purchased  parts  are  those  materials  that  are  1 

obtained  from  vendors  in  the  form  ready  for  use  in  the  assembly  operation 
without  additional  machining,  heat  treating  or  other  processing.  Examples  j 

of  these  are  pumps,  motors,  control  systems,  computers,  and  fuel  tank  * 

bladders.  These  are  individually  estimated  by  the  materials  estimator  and  ! 

costs  are  identified  for  each  of  these  components.  A similar  utilization  1 

I factor  is  employed  for  these  components  to  account  for  breakage,  repair  or  i 

replacement . 

Purchased  Labor  - Purchased  labor  or  subcontracted  services  are  j 

also  considered  as  a materials  cost  since  they  are  administered  through  j 

subcontracts  or  purchase  orders  in  much  the  same  way  as  raw  materials  and 
other  services  required  in  the  manufacture  of  a product . The  subcontracted  : 

services  are  normally  those  tasks  which  the  company  cannot  do  itself  because  i 

of  lack  of  experience  or  facilities,  or  it  may  be  something  that  can  be 
done  cheaper  by  someone  else.  An  example  of  a subcontracted  service  or  , 

purchased  labor  item  for  this  program  is  the  installation  of  the  DC-93-lOU  | 

thermal  insulation  and  the  booster  propellant  in  the  booster /combustor 
chamber.  This  kind  of  operation  requires  special  facilities  and  techniques 
which  are  more  appropriate  for  rocket  motor  manufacturing  companies.  Esti-  | 

mates  for  purchased  labor  are  normally  based  on  firm  cost  quotes  form  sub- 
contractors. In  this  program,  most  of  the  purchased  labor  costs  were  ; 

estimated  by  two  rocket-motor  manufacturing  firms.  Their  work  is  discussed 
in  a subsequent  section. 

The  type  of  materials  cost  estimating  done  for  this  program  is 
' illustrated  in  the  following  exsimple; 

Figure  19  shows  a sketch  of  the  LFRJ  fuel  tank.  On  the  figure 
are  the  dimensions  assvimed  by  the  materials  estimator  to  compute  the  material 
costs.  A summary  of  his  estimate  can  be  seen  in  Table  3.  Note  that  the 
bottom  line  on  the  materials  estimate  sheet  has  two  numbers.  The  first 
number  is  a materials  non-recurring  cost  for  vendor  tools.  The  second  number 
represents  the  materials  recurring  cost. 

A summary  of  the  direct  materials  estimates  for  each  component  is 
provided  in  Appendix  1.  The  material  costs  are  shown  in  two  areas  where  j 
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PERFOR 


FIGURE  19  FUEL  TANK  VTCTH  STANDPIPE  AND  R^LL  BLADDER  - ROLL  AND  WELD  CONSTRUCTION 


LIQUID  FUEL  RAMJET  FUEL  TANK 


applicable.  The  non-recurring  costs  are  shown  in  the  column  which  is  identi- 
fied as  tooling  materials  non-recurring  and  the  recurring  costs  are  shown 
as  materials  recurring. 

(3)  Tooling  Estimating 

The  cost  of  tooling  for  a production  program  cannot  be  accurately 
determined  until  a firm  manufacturing  plan  has  been  established  and  production 
sequences  and  schedules  determined.  Because  none  of  these  things  can  be 
fixed  for  a cost  methodology  program  that  covers  a wide  range  of  production 
variables,  the  tool  costs  are  difficult  to  predict. 

Tool  estimating  for  this  program  was  done  recognizing  full  well 
that  the  tool  costs  vary  over  a considerable  range  when  production  quantities 
vary.  An  example  of  this  can  be  illustrated  in  the  comparison  of  a production 
program  involving  50  engines  and  one  involving  5000  engines.  The  smaller 
program  is  likely  to  employ  what  is  sometimes  referred  to  as  "soft"  tooling 
or  tooling  that  is  relatively  inexpensive  but  is  limited  in  the  number  of 
units  it  can  produce.  The  large  program  would  probably  employ  a higher  grade 
of  tooling  and  special  fixtures  which  would  cost  more  initially,  but  after 
amortization  over  a large  number  of  units,  would  cost  less  on  a per  unit 
basis.  Automation  is  also  affected  by  the  number  of  units  to  be  produced. 

In  very  large  quantity  production,  it  is  usually  economically  feasible  to 
employ  a higher  degree  of  automation  - computer  operated  machines,  specially 
designed  equipment,  etc.  In  small  production  programs,  the  start-up  cost 
would  be  prohibitive. 

The  procedure  employed  in  this  program  is  illustrated  in  the  follow- 
ing example  where  a tooling  estimate  is  made  for  a combustor  chamber  assembly. 
Figure  20. 


As  seen  from  the  component  description,  there  are  nine  detail  parts 
(plus  two  sub-assembly  tools)  that  had  to  be  estimated.  A separate  estimate 
was  prepared  for  each  part.  Table  U shows  the  type  of  estimate  that  was  made 
on  one  part,  the  forward  dome  (part,  -2).  There  are  several  different  labor 
costs,  material  costs  and  other  direct  charges  noraally  associated  with  the 
detail  estimate  of  tooling;  therefore,  the  number  of  estimates  that  go  into 
a single  tool  and  the  number  of  tools  required  for  the  fabrication  of  a 
single  component  using  one  material  indicate  that  the  tooling  estimating  job 
is  a significant  task. 

A study  of  the  tooling  estimate  reveals  that  the  primary  cost 
factor  is  tooling  labor.  Tooling  materials  and  tooling  direct  charges  are 
relatively  small  compared  to  labor  costs  and  could  have  been  neglected 
without  introducing  serious  error.  However,  an  approach  was  taken  using 
a linear  regression  analysis  to  relate  direct  materials  and  direct  charges 
to  the  manhour  estimate  so  an  expression  could  be  found  that  would  relate 
total  tooling  cost  to  one  variable,  manhours. 

The  direct  material  cost  was  fovind  to  be, 

(materials  $)  = 1.21U  x (manhours)  - 288.55- 
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TABLE  k 

MANUFACTURING  ENGINEERING  COST  ESTIMATE 


DATE_ 

9-7-76 

DESCRIPTION  Liquid  Fuel  Ramjet  - Af't  Inlet  Forward  Dome 

(-104) 

- Booster/combination  Chamber  Assembly,  Roll  and 

Weld  17-UfH 

MANHOURS 

Prod.  Planning  1 Part  No's  5*3  Hrs.  Each 

5 

N/c  Programming  Tapes  (See  Tool  List) 

Prod.  Engr.  276  Tool  Mfg.  Hrs.  at  7.1% 

20 

work  Control  25  Base  Hours  at  13% 

3 

Tool  Design  1 Designs  (See  Tool  List) 

42 

Mfg.  Tech.  276  Tool  Mfg.  Hrs.  at  2% 

6 

0 Total  Tool  Engineering 

76 

0 Total  Tool  Manufacturing  7 Tools  (See  Tool  List) 

276 

00  Total  Manufactiiring  Engineering 

352 

DOLLARS 

00  Total  Tooling  Material  (See  Tool  List) 

$ 

487 

Other  Direct  Charges 

Computer  Costs  for  n/c  Programs 

$ 

Tenplate  Reproduction/Material  Costs  (36x1.399x1.19) 

$ 

60 

Prorated  Items  (To  all  Tool  Categories) 

Freight  & Express  = $487  Material  at  $.0133 

$ 

6 

Other  Misc.  Costs  352  Hours  at  $.015 

$ 

5 

Trips  at  $ Each 

$ 

00  Total  Other  Direct  Charge  Dollars 

$ 

71 

--  - - « 
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DESIGN  - ROLL  AND  WELD  CONSTRUCTION 


D.  Final  Assembly  Estimating 

To  estimate  the  final  assembly  costs  it  was  necessary  to  define 
the  final  assembly  operation  for  each  of  the  ramjet  assemblies.  A flow  chart 
showing  each  step  of  the  assembly  operations  and  the  way  each  step  interfaced 
with  other  assembly  operations  was  constructed  for  each  of  the  eight  ramjet 
engines.  Figure  21  shows  the  flow  chart  that  was  generated  for  the  LFRJ- 
Integral  Rocket /Ramjet.  Most  of  the  "action"  blocks  were  denoted  by  a number 
which,  to  some  extent,  represented  the  sequence  in  which  the  assembly  occurred. 
Each  of  the  blocks  was  studied  by  the  manufacturing  and  tooling  estimators.  A 
schematic  of  each  of  the  steps  was  generated  to  get  a better  idea  of  the 
assembly  operation.  This  is  shown  in  Figure  22.  Note  that  some  of  the  assembly 
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operations  do  not  involve  the  engine  per  se.  For  example,  the  attachment  of 
the  fin  actuators  and  hydraulic  lines  to  the  actuators  is  shown  in  the  sketch 
for  completeness,  but  the  labor  is  not  charged  to  engine  assembly  operation. 


A detailed  description  of  each  assembly  operation  was  generated  so 
the  main  elements  of  work  could  be  visualized.  A description  of  those  steps 
associated  with  the  final  assembly  of  the  engine  was  made  to  help  in  the 
estimating.  The  estimating  itself  was  done  in  the  same  way  that  detail  esti- 
mates were  made  on  the  individual  component  assemblies.  Every  operation  that 
involves  some  labor  was  estimated.  Again,  the  estimates  were  made  in  terms 
of  standard  hours  for  the  manufacturing  operation. 

All  of  the  estimates  were  made  for  the  appropriate  shop  operation. 
The  operations  were  then  summarized  as  shown  in  Table  5. 

All  of  the  final  assembly  estimates  are  shown  in  Appendix  1. 

The  tooling  and  the  materials  estimators  also  worked  from  the 
flow  chart  and  sketches  to  estimate  the  tools  and  recurring  materials  that 
would  be  required  for  the  final  assembly  operation. 

c.  Subcontractor  Data 


At  an  early  phase  of  the  program  it  was  decided  that  cost  data  on 
certain  elements  of  work  wo\ild  have  to  come  from  sources  outside  the  Vought 
organization.  Even  with  the  ALVRJ  experience  to  draw  on,  there  were  certain 
cost  data  that  were  needed  by  the  program  that  could  be  estimated  more  accurately 
by  companies  having  expertise  in  solid  rocket  motor  manufacturing. 


A proposed  statement  of  work  was  prepared.  It  consisted  of  six 
separate  work  packages  as  follows: 

(1)  Integral  booster  propellant  loading 

(2)  Solid  fuel  ducted  rocket  propellant  loading 

(3)  Solid  fuel  ramjet  propellant  loading 

(1+)  Integral  booster  propellant  loading  (SFRJ) 

(5)  Solid  propellant  gas  generator 

(6)  Booster  nozzle  insert 

Each  of  the  above  tasks  was  set  up  to  produce  parametric  data  on 
costs  of  different  sizes  and  quantities  so  the  resulting  cost  data  could  be 
worked  into  the  Vought  developed  methodology  with  minimum  effort. 


Bid  packages  were  sent  out  to  a number  of  solid  rocket  motor 
manufactioring  companies  to  request  bids  on  doing  any  or  all  of  the  six  tasks 


Subcontracts  were  awarded  to  Rocketdyne  Division  - McGregor  of 
Rockwell  International  for  items  1,  2,  5 and  6 and  with  Chemical  Systems 
Division  of  United  Technologies  for  items  3 and  Work  was  completed  by 
both  contractors  in  December  1976  and  the  data  was  submitted  in^a  final 
report  containing  numerous  tables,  graphs  and  curves  (References  (4)  and  (5)). 
Because  of  the  way  costs  were  broken  down  in  the  methodology  program,  a 
number  of  follow-up  discussions  were  held  with  both  contractors  to  get  a more 
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TABLE  5 


Liquid  Fuel  Ramjet  - IRR 
Final  Assembly 


Manhour  Summary 


Part 

No. 

Description 

Ship 

Qty. 

Tubing 

S/U  0/T 

Assembly  Shop 
S/U  0/T 

Electrical  Shop 
S/U  0/T 

Paint  Shop 
S/U  0/T 

2 

Mount  & Align  Booster  Com- 
bustor on  Assembly  Jig 

1 

- 

.232 

6 

Install  Booster  Nozzle  & 
Booster  Igniter 

1 

- 

.528 

7 

Inst?<ll  Safe/Arm 

Mechanisms 

1 

- 

.168 

.300 

9 

Mount  & Align  Fuel  Tank 
on  Assembly  Jig 

1 

- 

.232 

10 

Mount  FMS  Compt.  on  Fuel 

Tank 

1 

- 

1.102 

11 

Install  Ratj  ‘Air  Turbine 
& Ram  Air  Turbine  Scoop 

1 

- 

.Uol. 

12 

Install  Fuel  Controller, 
Valves,  Pumps, 

Plumbing,  Harness 
in  FMS  Compartment 

1 

- .867 

■ 

.929 

- 

1.000 

13 

Connect  & Align  Booster/ 
Combustor  & Fuel  Tank 

Assembly  in  Assembly  Jig 

1 

- 

1.931 

11* 

Connect  Fuel  Lines 
to  Manifold  on  Combustor 

k 

.30  .335 

• 

.416 

15 

Install  Port  Cover  Switch 
in  Fuel  Manifold  on  Combiistor 

1 

- 

.134 

16 

Install  Sustainer  Igniter 
in  Fuel  Manifold 

1 

- 

.134 

17 

Connect  All  Electrical 

Leads  to  Fuel  Tank 

4 Combustor 

1 

- 

.173 

- 

1.500 

18 

Mount  i Install 

Inlet  Ducts 

U 

- 

2.147 

19 

Mount  4 Install 

Side  Fairings 

8 

- 

2.183 

20 

Mount  i Install 

Aft  Fairings 

U 

- 

2.340 

21 

Install  Exterior  Hyd. 

& 

1 

- 

.479 

22 

Prime,  Paint  & 

Install  Decals 

1 

- 

1.926 

Totals  (Std  «rs) 

.30  1.202 

0 

13.532 

0 

2.800 

0 

1.926 

Realization  Rates 

17.5*  17. 5< 

12* 

12* 

12* 

12* 

12* 

12* 

No.  1 Hr a 

1.7  6.9 

0 

112.8 

0 

23.3 

0 

16.1 

160.8  TOTAL 

definitive  breakdovn  on  costs.  Each  contractor  submitted  supplemental  reports 
of  additional  data  which  were  very  helpful  in  formulating  the  cost  data  needed 
in  the  program  (References  (6)  and  (T)).  Because  of  the  bulk  of  data  in  these 
reports,  they  have  been  submitted  to  the  Air  Force  under  separate  cover  rather 
than  reproducing  the  data  in  this  report.  The  final  cost  numbers  from  both 
contractors  in  the  Vought  format  are,  however,  reported  in  Appendix  1.  Table 
1-1*  contains  most  of  the  data.  Some  of  it  was  integrated  into  some  other 
[ components  listed  in  Tables  1-1  through  1-3. 

! 

\ d.  Other  Cost  Data 

Many  cost  data  were  acquired  through  personal  contact  with  individuals 
who  have  been  involved  with  Vought  on  ramjet  programs.  In  addition,  a large 
niamber  of  costs  quotes  were  previously  obtained  on  the  basic  ALVRJ  program  as 
well  as  a number  of  proposed  ALVRJ  production  programs  that  have  been  costed. 

A summary  of  some  of  these  key  contacts  and  type  of  cost  data  obtained  is 
given  in  the  following  table. 


TABLE  6 

OTHER  COST  DATA 


COMPANY 

TYPE  OF  COST 
INFORMATION  OBTAINED 

PRIMARY  SOURCE 

OF  DATA 

Marquardt 

Fuel  Controls,  FMS 
Components 

Manufacturer  of  hard- 
ware, Advanced  concept 
studies 

Marquardt 

Podded  Ramjet  Com- 
ponents and  Cost 

Data,  Booster  Nozzles 

Ramjet  Mfg. 

Hamilton-Standard 

FMS  Components 
Turbopumps 

FMS  Manufacturing 

Atlantic-Research 

Nozzleless  Rocket 

Motor 

AFRPL  sponsored 
studies 

Garrett  Corp. 

FMS 

Cost  proposals  on 

ALVRJ 

Woodward 

FMS 

Cost  proposals  on 

ALVRJ 

Boeing 

Inlets 

Air  Force  sponsored 
studies 

Unidynaraics 

Igniters  and  other 
pyrotechnics 

Igniter  Mfg. 
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Unfortunately,  much  of  the  cost  data  obtained  could  not  be  broken 
into  the  three  elements  of  cost  that  were  needed  for  the  cost  methodology 
so  the  methodology  was  modified  slightly  to  allow  total  cost  data  to  be  used. 

An  attempt  was  made  to  get  as  much  backgroxind  information  on  every 
estimate  as  possible  so  that  quantity  adjustment  factors  could  be  derived 
for  the  total  cost  data. 

One  of  the  main  areas  where  there  was  a considerable  spread  in  cost 
data  was  that  of  fuel  management  systems  costs.  For  example,  on  the  ALVRJ 
program,  Vought  requested  cost  quotes  on  a relatively  simple  fuel  control 
system  using  an  Ambient  Pressure  Controller.  Cost  quotes  from  four  manu- 
facturers varied  by  more  than  a factor  of  10  for  both  small  and  large 
quantities.  Although  it  was  apparent  that  each  of  the  suppliers  had  slightly 
different  design  approaches  to  the  fuel  control  system,  they  were  basically 
the  same  type  of  controller  from  a functional  standpoint . The  cost  data  were 
not  broken  down  to  such  a level  where  the  design-related  cost  drivers  could 
be  identified. 

For  purposes  of  the  cost  methodology,  three  types  of  fuel  control 
systems  are  defined,  each  having  at  least  two  variations.  A discussion  of 
each  type  and  the  cost  data  follows : 

Single  and  Stepped  Flowrate  - Figure  23  shows  four  variations 
of  the  Single  and  Stepped  Flowrate  Control  Concepts  — the  variations  are  in 
the  number  of  "steps"  of  discrete  flow  rates  provided. 


J^yrotcchnicL 
1 VALVC  r 


ru>w 

KCOULATOfl 


SINGLE  FLOWHATE  FUEL  CONTROL 


PYROTCrMNIC 
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FUEL 

PYROTBCH.NIC 

VALVE  1 

1 R ecu  LA  TOR  | 

XN 

VALVE 

SOLKNOID 

VALVE 


PM>.5SURC 

SWITCH 


PIICSSVNC 

•tCNAL 


I SOLENOID 
I VALVC  I 


PLOW 

MCCULATOR 


FLOW 

RKULATOR 


FLOW 

RCCUtJSTOR 


FLOW 

RCCULATOR 


PRESSURC 

SWITfM 


THREE  FLOWRATE  FUEL  CONTROL 


PRF.5Sl'IIC 
SWITCH 
i*  RCQLIRCOI 


SEVEN  FLOWRATE  FUEL  CONTROL 


FIGURE  23  SINGLE  AND  STEPPED  FLOWRATE  FUEL  CONTROLS 
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The  cost  data  for  the  Single  and  Stepped  Flowrate  fuel  controls 
are  shown  in  Figure  2^. 


FIGURE  2k  SINGLE  AND  STEPPED  FLOWRATE  FUEL  CONTROL  COST  CORRELATION 

These  data  were  obtained  by  modifying  the  costs  shown  in  reference 
(9)  to  include  a pyrotechnic  fuel  start  valve  and  inflation  to  1976  dollars. 
Since  this  fuel  control  consists  basically  of  an  assembly  of  "off-the-shelf" 
components,  the  relatively  flat  learning  curve  indicated  by  the  base  data 
(-9^^)  was  retained  and  non-recurring  costs  were  assumed  to  be  negligible. 

Pneumatic  Altitude  Scheduled  Fuel  Control  - These  schematics 
are  shown  in  Figure  25. 

The  cost  data  for  these  control  concepts  was  received  in  response 
to  a Vought  RFP  for  a low  cost  ALVRJ  fuel  control  which  adjusts  fuel  flowrate 
in  accordajice  with  ambient  pressure.  The  cost  data  are  plotted  on  Figure  26. 

In  order  to  construct  the  curves  to  allow  a unit  n\miber  one  cost 
to  be  computed,  certain  assumptions  were  made  as  follows:  The  recurring  cost 
was  divided  into  15^  material  and  manufacturing  at  2,000  units  and  the 
Vought  developed  materials  and  manufacturing  quantity  factors  results  were 
applied  to  obtain  a satisfactory  curve  faired  through  the  recurring  data  points 
at  30,  50  and  2,000  units.  A fixed  number  of  tools  was  assumed  over  the  quan- 
tity range  of  1 to  5,000.  The  total  of  the  recurring  and  non-recurring  costs 
represented  in  the  figure  by  the  solid  line  was  determined  by  summing  the 
elements  at  quantities  1,  10,  100,  500,  2,000,  and  5,000.  The  "soft  tooling" 


data  points  also  shown  on  the  figure  suggest  that  the  cross  over  point  at 
which  production  type  tooling  pays  off  is  approximately  20  units. 


THROTTLE 

pyrotechn:c 

VALVE 

FLOW 

RCCULATOB 

AMUCNT  PKCMVIlS 


* AM  ■ 

AMBIDtT  PRlMUaS 


PNEUMATIC  ALTITUDE  SCHEDULED  FUEL 
CONTROL  WITH  DIRECT  HYDRAULIC  AMPLIFIER 


PNEUMATIC  ALTITUDE  SCHEDULED  FUEL 
CONTROL  WITH  MECHANICAL  k HYDRAULIC 
AMPLIFIERS 


The  basic  difference  in  the  two  systems  is  that  one  system  employs 
a mechanical  amplifier.  The  higher  cost  of  the  mechanically  amplified  system 
is  assumed  to  be  the  result  of  more  parts;  however,  it  is  also  capable  of 
greater  control  accuracy  at  higher  altitudes. 

Electronic  Eind  Pnexomatic  Fuel  Control/Constant  Fuel-Air  Ratio 
with  Pressure  Recovery  Limiter  and  Mach  No.  Bias  - These  concepts  are  shown 
in  Figure  27. 


FIGUEE  27  FUEL  CONTROL  - FUEL/AIR  RATIO  CONSTANT  WITH 
PRESSURE  RECOVERY  AND  MACH  NUMBER  LIMITERS 


The  cost  data  for  the  electronic  fuel  control  type  are  shown  in 
Figure  28.  The  source  of  the  data  is  unpublished  estimates  from  two 
electronic  fuel  control  manufacturers. 

A brief  examination  of  the  various  components  of  the  electronic 
fuel  control  suggested  a cost  model  evenly  divided  between  materials  and 
manufacturing  direct  labor  at  2,000  units.  Application  of  the  Vought 
developed  quantity  factor  curves  appears  to  validate  this  cost  model  in 
that  the  resultant  recurring  cost  curve  closely  tracks  the  data  points 
shown.  A fixed  number  of  tools  was  assumed  over  the  quantity  range  of  1 
to  5,000  as  in  (b)  above.  The  total  of  the  recurring  and  non-recurring 
costs  represented  in  Figure  28  by  the  solid  line  was  determined  by  summing 
the  elements  at  quantities  1,  10,  100,  500,  2,000  and  5,000. 
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The  pneumatic  fuel  control  performs  essentially  the  same  function 
as  the  electronic  fuel  control  described  above.  The  cost  data  shown  in  Figure 
29  for  this  system  were  obtained  from  a recently  completed  TMC  report  addres- 
sing Modern  Ramjet  Engine  (MRE)  fuel  control  system  component  costs,  reference 
(11). 

In  order  to  obtain  the  data  points  shown,  adjustments  were  made 
to  the  base  data  to  deflate  from  1977  to  1976  dollars,  include  the  industry 
average  G&A  and  fee' (2k%  and  10^),  and  include  a prorated  amount  for  assembly, 
acceptance  testing,  and  crating.  Extrapolation  of  the  data  to  lower  quanti- 
ties was  accomplished  using  the  recurring  and  non-recurring  quantity  factor 
relations  discussed  previously. 

Fuel  Control  Cost  Versus  Size:  Due  to  the  scarcity  of  data 
relating  fuel  control  cost  with  missile  size,  the  philosophy  adopted  initially 
was  that  cost  wo\ild  be  independent  of  missile  size.  This  situation  was  re- 
evaluated and  an  attempt  made  to  develop  cost-size  relationships.  The  results 
updated  to  include  fuel  start  valves  in  cases  where  such  valves  were  not  pre- 
viously included,  are  shown  in  Figure  30. 


[ 


FIGURE  29  PNEUMATIC  FUEL  CONTROL  COST  CORRELATION  F/A  CONSTANT 
WITH  PRESSURE  RECOVERY  LIMITER  AND  MACH  NO.  BIAS 


COST 

FACTOR 
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In  summary,  four  different  curves  are  presented  which  are  intended 
to  he  applicable  to  the  fuel  control  types  considered.  The  GORJE  pneumatic 
fuel  control  cost  versus  size  data  reported  in  reference  (12)  have  been 
assumed  to  be  representative  of  the  various  pneumatic  fuel  controls  discussed 
above.  The  single  flowrate  and  stepped  flowrate  fuel  control  data  were  cal- 
culated from  information  contained  in  reference  (9).  The  various  stepped 
flowrate  fuel  control  estimates  were  averaged  to  yield  a single  cost-size 
curve.  The  electronic  fuel  control  cost-size  curve  was  developed  assuming 
that  the  computer  and  pressure  transducer  costs  are  independent  of  missile 
size  and  the  remainder  of  the  system  costs  (i.e.,  fuel  control  and  throttle 
valve)  vary  in  the  same  manner  as  pneumatic  fuel  control  costs. 

Cost  data  for  the  turbopump  were  also  obtained  in  much  the  same 
manner  as  the  fuel  controls.  The  turbopump,  shown  in  Figure  31,  is  based 
on  either  a ram-air  or  gas  driven  turbopump. 


FUEL  OUT 


FIGURE  31  TTOBOPUMP 


Four  data  sources  were  obtained  for  turbopumps  in  various  quantities. 
The  costs  have  all  been  adjusted  to  represent  mid-1976  rates  as  in  the  fuel 
control  systems  cost  estimates.  As  indicated  in  Figure  32,  three  of  the  data 
sources  were  responses  to  a Vought  request  on  an  ALVRJ  low  cost  turbopump 
development.  The  fourth  source  is  from  a recently  completed  TMC  study  addres- 
sing the  MRE  fuel  management  system  costs.  Since  there  is  no  apparent  reason 
for  the  relatively  large  spread  in  the  data,  the  cost  handbook  curves  have 
been  constructed  to  approximate  an  average  of  the  data. 
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FIGURE  32  TURBOPUMP  COST  CORRELATION 


' Cost  data  for  turbopumps  which  indicate  sensitivity  to  size  have 

not  been  found.  However,  the  turbopump  is  a custom  component  with  fabrication 
requirements  somewhat  similar  to  those  of  a pneumatic  fuel  control.  Therefore, 
use  of  the  cost-size  curve  generated  for  the  pneumatic  fuel  control  remains 
the  current  favored  approach  to  relating  turbopump  cost  to  missile  size. 

e.  Dollarizing  The  Estimates 

One  of  the  ground  rules  established  at  the  beginning  of  the  program 
was  that  the  costs  should  be  representative  of  Industry  average  cost.  In 
order  to  generate  true  industry  average  costs,  it  would  be  necessary  to  have 
a large  number  of  companies  to  independently  estimate  the  costs  of  the  entire 
list  of  components  and  all  their  variations.  An  alternate  approach  to  this, 
and  the  one  used  here,  is  to  take  the  manhour  and  direct  materials  dollar 
estimates  and  dollarize  them  using  labor  and  overhead  rates  that  are  repre- 
sentative of  the  industry  average. 

Industry  average  labor  and  overhead  rates  were  obtained  through  the 
Air  Force  Aeronautical  Systems  Division,  Advanced  Systems  Cost  Division,  ASD/ 
ACCS.  The  rates  were  based  on  taking  several  representative  industrial 
organizations  and  their  individual  rates  and  numerically  averaging  them  to 
arrive  at  a composite  rate  structure.  Specific  information  on  which  companies 


54 


were  used  or  how  many  were  used  in  the  composite  was  not  provided.  The 
rate  structure  is  as  follows: 


Manufacturing  Engineering  Labor  $ 9.89/Hr. 

Shop  Labor  7.0U/Hr. 

Materials  Handling  Labor  6.69/Hr. 

Quality  Control  Labor  7. 73/Hr. 

Manufacturing  Overhead  lhO% 

Material  Overhead  (Burden)  8% 

General  and  Administrative  2h% 

Fee  10?? 


Although  every  Aerospace  Company  has  a similar  approach  to  costing, 
there  are  still  basic  differences  in  the  way  certain  kinds  of  work  are 
charged.  Because  of  these  variations,  it  is  important  that  clarification  is 
made  on  what  functions  and  charges  are  assvuned  in  this  hypothetical  production 
contract  and  where  they  are  listed. 

To  assist  in  the  build-up  of  the  production  costs , the  ASPR  was 
consulted  to  establish  a format  for  pricing.  DD  Form  633,  which  is  a general 
contract  pricing  form  for  DOD  programs  comes  closest  to  outlining  the  cost 
elements  of  interest  in  this  kind  of  production  program.  It  is  shown  in 
Figure  33. 


The  methodology  developed  in  this  program  segregates  the  costs  of 
the  ramjet  assemblies,  sub-assemblies  and  components  into  three  basic  cost 
elements:  tooling,  materials  and  manufacturing.  Each  of  the  three  cost 
elements  have  certain  parts  that  can  be  identified  on  the  DD  633  form. 

Table  7 illustrates  the  relationship  between  the  cost  methodology  cost  ele- 
ments assvimed  in  this  program  and  the  standard  pricing  form. 


Another  way  of  writing  it  is: 


[TDC] 


G&A^] 
100  ] 


Fee^] 
100  ] 


TCPF 


With  this  general  formula,  the  total  cost  plus  fee  can  be  computed  for  any 
elemental  breakdown  desired.  For  the  tooling  cost,  for  example,  it  could 
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TABLE  7 

LOCATION  OF  KEY  COST  ELEMENTS  IN  METHODOLOGY 


1.  Direct  Material 


a.  Purchased  Parts 


. Subcontracted 


Other 


1)  Raw  Material 


2)  Freight/express 


2.  Material  Overhead 
(Burden) 


3.  Interdivislonal  transfers 
at  cost 


4.  Direct  engineering  labor 


5.  Engineering  overhead 


6.  Direct  nianuf  labor 


a.  Shop 


b.  Manuf  Engineering 


c.  Quality 


d.  Materials  Dept, 


7.  Manufacturing  Overhead 


8.  Other  costs 


9.  Total  direct  costs 

* 


10.  General  & Administrative 


it.  Royalties 


12.  Federal  Excise  Tax 


13.  Total  Estimated  Cost 


14.  Fee  or  Profit 


15.  Total  Cost  plus  Fee 


TOOLING  COST 
ELEMENTS 


MATERIALS  COST 
ELEMENTS 


MANUFACTURING 
(UBOR)  ELEMENTS 


Delivered  hardware 


Non-recurring  by  subs  iHtl  used  by  subs 


Labor  by  subs 


Mtls  for  tool  fab 


Apply  to  all  above 

(8%) 


Dir  mtl  used 


1%  of  Dir  mtls 


Apply  to  all  above 

(8%) 


Apply  to  al 1 above 

(8*) 


Manhours  x $9.89 


Apply  to  all  labor 
above,  (140%) 


Manhours  x $6.69 


Apply  to  all  labor 
above.  (140%) 


Manhours  x $7.04 


Manhours  x $9.89 


Manhours  x $7.73 


Apply  to  all  labor 
above,  (140%) 


Add  (9)  and  (10) 


Apply  to  (13)  (10%) 


Add  (13)  to  (14) 


Sum  all  elements  above 

Sum  all  elements  above 

Apply  to  above  (24%) 

Apply  to  above  (24%) 

n.a. 

n.a. 

n.a. 

n.a. 

Add  (9)  and  (10) 

Add  (9)  and  (10) 

Apply  to  (13)  (10%) 

Apply  to  (13)  (10%) 

Add  (13)  to  (14) 

Add  (13)  to  (14) 

1 
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be  computed  by  taJcing  the  sum  of  all  elements  in  the  direct  cost  matrix 
multiplying  it  by  the  two  factors,  (l  + G&A)  and  (l  + Fee).  On  this  program, 
a constant  value  of  G&A  and  Fee  is  used  throughout,  therefore  the  factors 
become  (l.2U)  and  (l.lO)  or  1. 36U  combined. 

To  illustrate  how  the  dollarization  of  the  Vought  direct  cost 
estimates  was  done,  the  following  example  of  the  LFRJ  fuel  tank  with  full 
bladder  is  used.  This  component  is  the  same  one  used  in  the  illustration 
on  the  materials  estimating  section.  Starting  with  the  materials  estimate, 
it  is  seen  that  there  are  two  parts  to  the  materials  cost : 

Vendor  Non-Recurring  Total  Recurring  Cost 

$9,900  $1,330 

These  costs  are  representative  of  costs  to  the  contractor,  or 
direct  costs;  therefore,  in  order  to  obtain  the  cost  to  the  government 
they  must  be  adjusted. 

Vendor  non-recurring  is  treated  as  a direct  material  cost  for 
tooling  and  must  be  burdened  with  the  Materials  Overhead  and  then  by  the 
combined  G&A/Fee  factor  of  (1.36U). 

TCPF  = ($9,900)  X (1.08)  x (1.36U)  = $ll+,581* 

Both  costs  are  recorded  in  Appendix  1 for  reference.  The  $9,900 
is  listed  under  column  (5)  "Tooling  Materials  non-recurring"  and  the  $lU,58U 
is  listed  under  column  (6)  "Purchased  Tooling  Cost".  The  purchased  tooling 
cost  is  added  to  the  other  tooling  costs  where  applicable. 

The  recurring  materials  cost  is  converted  to  selling  price  to  the 
government  by  the  following  expression: 

TCPF  = (Dir  Mtl)  + (Frt/Express ) + (Mtl  O/H)  + (Mtl  Handling)  x (1.36U) 


where  (Frt/Express)  = (Dir  Mtl) 

(Mtl  0/H)  = (Dir  Mtl) 

(Mtl  Handling )=  (Dir  Mtl) 
therefore, 

TCPF  = ($1,330)  [(1.0)  + (0.01) 

Again,  both  cost  figures  are  reported  in  Appendix  1 for  reference. 
The  $1,330  is  listed  as  materials  recurring,  column  (8),  and  the  $2,090  is 
listed  as  purchased  materials  recurring  cost,  column  (9). 


100 

8% 

100 

(0.0039)  ($6.69)  (1  + ^^) 

I 

+ (.08)  + (0.0039)  (6.69)  (2.U0)]  X (1.361+)  = $2,090 
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The  dollarization  of  the  tooling  "labor"  estimate  for  this 
component  is  obtained  through  the  following  relationship: 


TCPF  = (Tooling  Labor)  + (Tig  Mtl)  +(Tlg  Dir  Chgs)  x (1.36U) 

I TDC ^ 


Where,  Tooling 
Tooling 
Tooling 
Therefore, 


Labor  = $9.89  x (manhours)  x (l  + ) , 
Mtls.  = 1.2llt  X (manhours)  - 288.55,  (See 
Dir.  Chgs.  = O.Oh  x (manhours),  (See 


Tooling  Section) 
Tooling  Section) 


TCPF  = [(9.89) 


(2150)  (2.U0)  + (1.21U)  (2150)  - 288.55  + (o.oU)  (2150)] 


x (I.36U)  = $72,891. 


This  calculated  tooling  labor  cost  is  reported  in  column  (ii)  of 
Appendix  1. 


The  total  tooling  cost  is  then  the  sum  of  the  tooling  labor  cost 
and  the  vendor  non-recurring  which  is  $72,891  plus  $lU,58U  or  $87,i+75.  This 
is  identified  as  the  total  tooling  cost  and  shown  in  column  (7).  This  is 
also  the  baseline  tooling  cost  that  is  presented  in  the  cost  handbook  for 
component  C-U-1-1  for  the  17-^  PH  stainless  steel  and  the  Inconel-7l8. 


The  remaining  element  of  cost  for  the  fuel  tank  example  is  the 
manufacturing  or  production  cost.  In  this  case  there  is  no  sub-contracted 
work  so  the  cost  is  basically  all  labor,  which  was  estimated  at  363.7  hours 
by  detail  part  breakdown.  The  conversion  to  selling  price  follows  the  same 
basic  equation: 

TCPF  = ( Shop  Labor ) + ( Mf  g Eng  Support ) + Qual  Support ) x ( 1 . 36^* ) 

I TQ0 1 

Where,  Shop  Labor  = ($7.0U)  x (Shop  manhours)  x (l  + ) 

Mfg  Eng  Support  = ($9-89)  x ( £-■-)  (Shop  manhours)  x (l  + 

Quality  Support  = ($7.73)  x ( j^^)  (Shop  manhours)  x (l  + 

Combining  all  common  terms,  the  equation  becomes: 

TCPF  = (3i*.5l+)  X (Shop  Manhours)  = (3U.5l*)(363.7)  = $12,562. 

Summarizing,  the  total  cost  of  the  fuel  tank  assembly  would  then 
be  the  sum  of  the  tooling,  the  material  and  the  manufact\iring  which  was  just 
computed  to  be  $87, ^*75,  $2,091  and  $12,562,  respectively.  The  total  cost 
of  $102,128  is  then  representative  of  the  selling  price  on  \init  number  one. 


lUo/.' 
100  ‘ 
lho% . 
100  ' 
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6. 


COST  ADJUSTMENT  FACTORS 


F 


The  Cost  Methodology  was  designed  to  allow  a great  amount  of 
flexibility  on  the  part  of  the  cost  analysts  to  look  at  a wide  range  of 
ramjet  engine  types,  sizes  and  complexity  and  be  able  to  compute  costs  for 
a range  of  production  quantities  and  rates.  Table  8 lists  some  of  the 
primary  choices  that  are  available  to  the  cost  analyst.  The  range  of  choices 
was  selected  on  the  basis  that  these  were  the  principal  areas  of  consideration 
today. 

TABLE  8 

RANGE  CF  VARIABLES 


Parameter 

Range 

Choices 

Engine  Type 

4 Types 

IjPRJ  j SPRJ  y SDR  j liDR 

Configuration 

3 Arrangements 

Integral,  Tandem,  Podded 

Size 

6"  - 18"  Diam. 

Variable  within  that  range. 
Length  also  variable. 

Quantity 

1 - 5,000 

Variable  within  that  range. 

Production  Rate 

Low-Moderate 

l/month  to  8o/month. 

Year  of 

Production 

Variable 

Adjustable  to  any  year 
from  mid  1976. 

Design  Complexity 

Simple-Moderate 

Many  choices  available. 

Materials 

Several 

3- structural  materials 

4- booster  propellants 
7-sustainer  propellants 

Manufacturing 

Processes 

Several 

Generally  2 or  3 choices 
for  each  component. 

Labor  Rate  and 
Pricing  Structure* 

Limited 

Only  broaui  adjustments 
possible. 

Some  of  the  choices  are  inherent  in  the  selections  of  components  that 
were  made  at  the  beginning  of  the  program,  but  others  are  "scalable"  by  the  use 
of  cost  adjustment  factors  that  are  provided  in  the  methodology.  The  scalable 
parameters  are  (l)  size,  (2)  production  quantity,  (3)  production  rate,  and 
(4)  year  of  production.  A discussion  of  each  of  these  factors  is  presented 
in  the  following  sections. 

a.  Size  Variations 

Some  of  the  factors  that  have  an  effect  on  cost  of  production  of  ram- 
jet components  are  diameter,  length,  capture  area  (for  inlets),  siirface  area, 
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thickness,  weight,  voliane,  etc.  These  are  general  parameters  that  describe 
the  physical  size  of  the  components  or  assemblies.  The  cost  for  each  component 
in  the  cost  handbook  is  presented  for  the  baseline  size  (nominal  15-inch 
diameter  engine);  therefore  an  adjustment  of  that  cost  has  to  be  made  for 
ai>pllcation  to  other  size  engines— both  larger  and  smaller.  The  approach 
taken  in  this  program  was  to  develop  a size  factor  which  could  be  used  to 
multiply  the  baseline  cost  to  obtain  the  cost  for  the  larger  or  smaller 
cotnponent.  Different  size  factors  are  employed  for  each  of  the  three  cost 
elements . 


One  of  the  tools  available  for  determining  cost  sensitivity  to  size 
variations  was  a computer  program  that  haul  been  developed  for  the  U.S.  Amor 
by  Battelle  for  predicting  the  cost  of  rocket  motors  and  nozzles,  reference 
(13). 


The  basis  for  the  Battelle  costing  methodology  was  the  development 
of  equations  that  were  ai>plicable  to  material,  material  forming,  processlrg 
(welding,  machining,  inspection,  testing,  etc.)  and  tooling  requirements.  An 
overall  cost  equation  for  the  fabrication  of  a paurt  from  the  raw  material  stage 
to  the  finished  product  stage  can  be  expressed  as: 

C = C^/Q  + + Cp  + Cp 

where , 

C = Total  Cost  of  Product  Part 
= Cost  of  Tooling 

Q = Quantity  of  Parts  Produced 

C,.  = Cost  of  Material 
M 

Cp  = Cost  of  Processing 

C„  = Cost  of  Forming 
r 

The  cost  of  material  Includes  wastage  and  salvage  factors.  The 
cost  of  processing  includes  such  factors  as  heat  treating,  inspection  and 
testing.  The  cost  of  fabricating  a piece  of  raw  material  into  a specified 
shape  or  contour  accounts  for  only  those  costs  associated  with  sheet  metal 
forming,  forging,  extruding,  and  machining.  The  tooling  cost  includes  all 
costs  associated  with  the  fabrication  of  the  particular  petrt. 

Because  of  the  simllMity  of  the  rocket  motor  to  several  of  the 
ramjet  components  (combustors,  boosters,  nozzles,  fuel  tanks  and  gas  generators), 
the  computer  inrogram  could  be  employed  to  investigate  the  effect  of  varying 
many  parameters  in  a rapid  manner.  An  example  of  one  of  the  sensitivity  studies 
performed  using  the  program  is  one  dealing  with  a general  combustor  chamber 
configuration  illustrated  in  Figure  3^.  Several  peu'ameters  were  vftried  over  a 
number  of  values,  and  the  total  cost  of  the  luiit  number  one  chamber  was  computed. 
Table  9 sunmarizes  this  particulatr  study. 
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TABLE  9 COMBUSTOR  SENSITIVITY  STUDY  COST  SUMMARY 


PARAMETER 

VARIATIOd 

TOTAL 

UNIT  COST 

rWD  HEAD  COHTOUH  = HEMISPHERICAL 

61,372 

BASELINE  7VD  HEAD  CONTOUR  > ELLIPTICAL 

60,371 

FWD  HEAD  CONTOUR  ■ COMPIZX 

60,371 

BASELINE  FWD  HEAD  CONTOUR  - SIMPLE 

60,371 

DIAMETER  ■ $.0 

31,1%6 

DIAI-IETER  - 18.0 

65.697 

DIAl-IETER  ■ 25.0 

86,595 

BASELINE  - 15.06 

60,371 

LENGTH  > 25.0 

59,732 

LENGTH  • 75.0 

66.602 

LENGTH  > 150.0 

67,036 

BASELINE  - 30.1% 

60,371 

MATERIAL  » INCONEL  718 

65,883 

MATERIAL  » 1*130  STEEL 

79,568 

MATERIAL  = H-11  STEEL 

79,663 

BASELINE  > IT-U  STAHUBS 

60,371 

CASE  THICKNESS  ■ .050 

60,31% 

CASE  THICKNESS  ■ .150 

61,1*76 

CASE  THICKNESS  ■ .200 

61,712 

BASELINE  - .090 

60,371 

QUANTin  - 10 

8,1*8% 

QUANTITI  - 50 

3,166 

QUAHTITI  ■ 250 

1.800 

QUANTITI  ■ 500 

1,590 

QU.VTTm  - 1000 

1,1*59 

QUANTITY  ■ 3000 

1,31% 

QUANTITY  > 6000 

1.26% 

TOLERANCE  - .001 

6o.%80 

TOLERANCE  - .050 

60,296 

TOLERANCE  - .100 

60,2^ 

BASELINE  - .010 

60,371 

FWD  SKIRT  HOLE  .125 

60,370 

FWD  SKIRT  HOLE  .250 

60,370 

FWD  SKIRT  HOLE  .500 

60,373 

BASELINE  = .3125 

60,371 

FWD  SKIRT  DRILL  AXIS  = PARALLEL  TO  £ 

57,781* 

BASELINE  = PERPENDICULAR  TO  £ 

60,371 

FWD  SKIRT  HOLES  = 12 

60,292 

FWD  SKIRT  HOLES  ■ 72 

60,1*21* 

BASELINE  - b8 

60,371 

FWD  SKIRT  MIU.IHG  WIDTH  * .10 

60,369 

FWD  SKIRT  MILLING  WIDTH  » 2.00 

60,373 

BASELINE  >1.25 

60,371 

FWD  SKIRT  MILLING  U3JGTH  =5.00 

60,369 

FWD  SKIRT  fULLING  LENGTH  = 100. CO 

60,375 

BASELINE  = 1*6. 3>* 

60,371 

FWD  SKIRT  MILLING  THICKNESS  • .025 

60,370 

FWD  SKIRT  MILLING  THICKNESS  « 1.00 

60.1*18 

BASELINE  = .060 

60,371 
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FIGURE  34  COMBUSTOR  SENSITIVITY  STUDY  PARAMETER  DEFINITION 

The  main  interest  in  the  usage  of  the  program  was  to  determine  the 
effect  of  major  size  variations  on  cost.  The  main  parameters  of  interest  for 
the  cylinderically  shaped  components  was  diameter  and  length.  The  computer 
program  allowed  the  selection  of  a manufacturing  process  and  structural  material 
as  well  as  determine  the  variation  in  cost  for  a number  of  those  parameters. 

An  example  of  the  type  of  data  generated  for  a roll  and  weld  process  is  il- 
lustrated in  Table  10. 

The  second  method  used  to  develop  size  factors  is  to  make  detailed 
cost  estimates  of  the  minimum  and  maximum  sizes  of  components  expected  to  be 
used  with  the  minimum  and  maximum  size  engine  configurations.  Ratios  of  these 
costs  to  the  baseline  costs  again  produce  size  factors  related  to  the  baseline 
component  cost. 

A third  method  to  develop  size  factors  is  to  use  engineering  judge- 
ment to  select  size  factors  previously  developed  on  other  programs.  These 
would  be  considered  applicable  to  a component  by  similzirlty.  A variation  to 
this  method  is  to  assume  that,  for  parts  which  vary  only  slightly  with  engine 
diameter  and/or  component  length,  the  size  factor  is  1.0, 

Size  Factor  Coefficients  - Size  factors  are  determined  for  the 
minimum,  baseline,  and  maximum  dimensions  for  each  engine  component.  Factors 
either  are  dei)endent  on  one  or  two  variables  ; i.e.,  inlet  captxire  area,  or 
engine  diameter  and/or  component  length.  In  order  to  obtain  size  factors  for 
intermediate  component  sizes,  the  three  or  nine  size  factors  representing  the 
extreme  sizes  of  the  component  are  fitted  to  a peurabolic  or  cubic  curve. 

Curve  fitting  equations  used  are: 
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TABIB  10 

COST  FACTORS  FOR  CC»IBUSTOR  - ROLL  AND  VfELD  CONSTRUCTION 


Tooling  Cost  Factors 


lT-l^ 


CASE  LENGTH* 


.38  I 34.39  I 84.7 


6.00  0.728  0.728  0.728 


0.986  1.000 


15.00 


18.00 


1.118  I 1.133 


1.01 


1.148 


Manufacturing  Cost  Factors 


DIAM 


6.00  0.744 


15.00 


18.00 


1.118 


17- 


CASE  LENGTH* 


0.756  0,777 


1.000 


1.138 


4130 


CASE  LENGTH* 


6.00  0.732  0,732 


5.00  0.985  1.000 


s 


0.732 


1.015 


1.150 


INCONEL  718 


1 CASE  LENGTH*  I 

9.38 

34.39 

84.79 

0.728 

0.728 

0,728 

1.000 

■flSid 

1.118 

mm 

DIAM 

9.38 

34.79 

6,00 

0.758 

n.769 

0.794 

15.00 

1.000 

■uai 

18.00 

1.119 

1.139 

1 INCONEL  718  1 

DIAM 

CASE  L 

ENGTH* 

9.38 

34.39 

84.79 

15.00  0.984 


18.00  1.178 


0.681 


1.000  1.036 


1.195  1.234 


Material  Cost  Factors 


ANY  MATERIAL 


CASE  LENGTH* 

DIAM 

9.38 

84.79 

i 6 

00 

.056 

1 1 .107 

,212  1 

15 

00 

18 

00 

.833 

■sai 

2.281 

* Case  Length  - Total  Length  Varies  with  Diameter. 
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SF  = AOl  + (A02)D  + (A03)D^  (l) 

or 

SF  = (AOl)L  + A02  + [(All)L  + (A12)]  D + [(A21)L  + A?2  ] T?  (?) 

When  the  coefficients  of  the  term,  AO3  or  [(A21)L  + A??]  , are  zero, 

the  curvu  fits  are  llneeur  and  parabolic,  respectively.  When  both  the  n and 
d2  coefficients  In  equations  (l)  and  (?)  becane  zero,  the  curve  fits  are 
linear . 


Examples  of  some  of  the  coefficients  thus  produced  are  shown  in 
Tables  11  and  12.  The  cost  handbook  records  a set  of  size  factor  coefficients 
for  every  cost  element  of  every  component  in  the  handbook. 

b.  Production  Quantity 

The  methodology  provides  a means  of  projecting  the  cost  for  ramjets 
for  production  queuitities  up  to  5000.  As  in  the  case  of  the  size  adjustment 
of  cost,  a factor  for  each  of  the  three  cost  elements  of  the  components  has 
been  established  that,  when  multiplied  by  the  unit  number  one  cost,  will  yield 
the  ciimulative  average  cost  of  the  components  for  a given  production  size. 

This  factor  which  is  identified  as  the  "quantity  factor"  is  based  on  standard 
learning  curve  data  for  manufacturing  labor  costs.  For  materials  costs,  a 
quantity  factor  is  based  on  reduction  of  costs  through  quantity  purchases  of 
materials,  and  for  tooling  costs  it  is  based  on  equal  proration  of  the  total 
tooling  cost  over  each  part  produced.  An  adjustment  to  the  tooling  quantity 
factor  curve  is  made  when  the  production  rate  exceeds  8 engines  per  month. 

It  is  believed  that  additional  sets  of  tooling  would  be  produced  for  higher 
production  rates.  Figure  35  illustrates  how  the  tooling  queuitity  factor 
curve  is  adjusted.  An  example  of  the  quantity  factor  curves  for  the  material 
cost  sued  the  manufacturing  cost  is  shown  in  Figures  36  and  37  respectively. 

A complete  set  of  quantity  factor  curves  similar  to  the  ones  illus- 
trated here  are  presented  in  the  cost  handbook.  The  basic  difference  between 
the  curves  is  the  assumed  slope  of  the  learning  curves.  Each  con5)onent  data 
sheet  in  the  cost  handbook  references  the  appropriate  quantity  factor  curve 
to  use  when  computing  costs. 

c . Production  Rate 

The  assumption  has  been  made  on  this  program  that  within  certain 
reasonable  limits  the  ramjet  cost  is  relatively  vinaffected  by  production  rate. 
There  is  one  area,  however,  that  does  have  measurable  impact  on  cost  and  that 
is  in  the  tooling  area.  The  previous  assumption  on  production  tooling  was 
that  one  set  of  tools  would  easily  handle  up  to  8 engines  per  month.  Production 
rates  in  excess  of  8 per  month  would  be  accomplished  by  the  fabrication  of 
extra  sets  of  tools.  In  the  quantity  factor  curves  for  tooling  this  is  accom- 
plished by  the  fabrication  of  extra  sets  of  tools.  In  the  queuitlty  factor 
curves  for  tooling  this  is  accomplished  automatically  by  adjusting  the  curve  as 
seen  in  Figure  35  at  the  bottom.  This  was  done  for  the  assumed  5000  engine 
production  over  a 5 year  period  (83.3  engines  per  month). 
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TABLE  11  SIZE  FACTOR  COEFFICIENTS  - INLET  ASSEFIBLY 
SF  = AOl  + A02  (capture  AREA)  + A03  (CAPTURE  AREA)^ 


Size  Factor 

Coefficients 

Element 

AOl 

A02 

AO  3 

IT-U  PH 

Tooling 

0.583 

0.0269 

-0.000207 

Material 

-0.057 

0.0606 

-0.000105 

Manufacturing 

0.603 

0.0252 

-O.OOOI7I+ 

1*130 

Tooling 

0.561* 

O.028I* 

-O.OOO23I* 

Material 

-0.057 

0.0606 

-0.000105 

Manufacturing 

0.607 

0.021*8 

-0.000167 

Inconel  718 

Tooling 

0.696 

0.0190 

-0.000122 

Material 

-0.057 

0 . 0606 

-0.000105 

Manufacturing 

0.603 

0.0252 

-O.OOOI7I* 

TABLE  12  SIZE  FACTOR  COEFFICIENTS  - COMBUSTOR  CHAMBER  ASSEMBLY 
SF  = (AOl  X L)  + A02  + ((All  x L)  + A12)  x D + ((A21  x L)  + A22)  x jf 


Cost 

Coefficients 

Matx 

Ele- 

ment 

AOl 

A02 

All 

A12 

A21 

A22 

17-1*PH 

Tool 

-O.OOOI+9O 

0.675 

0.0000979 

0.000914 

-0.00000270 

0.00130 

Matl 

-0.00338 

-0.21*8 

0.000753 

0.0447 

0.0000257 

0.000471 

Mfg 

-0.00000663 

0.731 

0.0000865 

-0.00831 

-0.00000209 

0.00163 

1+130 

Tool 

-0.000530 

0.689 

0.000106 

-0.00127 

-0.00000294 

0.00137 

Matl 

-0.00338 

-0.248 

0.000753 

0.0447 

0.0000257 

0.000471 

Mfg 

0.0000397 

0.768 

0.0000862 

-0.0131 

-0.00000221 

0.00178 

Inc  718 

Tool 

-O.OOOI+9O 

0.675 

0 . 990979 

0.000914 

-0.00000270 

0.00130 

Matl 

-0.00338 

-0.248 

0.000753 

0.0447 

0.00002578 

0.000471 

Mfg 

-0.0000926 

0.635 

0.0000582 

-0.0119 

-0.00000123 

0.00231 
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To  cover  the  rate  tooling  effort  for  production  programs  of  less  than 
five  years,  the  cost  methodology  Includes  a production  rate  factor  for  (^Justing 
the  tooling  cost. 

Because  all  components  are  not  limited  to  production  rates  of  8 per 
month,  many  of  the  components  In  the  cost  handbook  will  have  virtually  no 
additional  multiple  tooling  requirements  until  production  rate  exceeds  8o 
per  month.  An  assessment  has  been  made  on  every  component  and  each  one  has 
been  categorized  Into  one  of  three  categories  which  relate  the  number  of 
components  that  can  be  produced  In  one  month  with  one  set  of  tools. 

Category  1 80  i)arts/month 

Category  2 30  p«u*ts/month 

Category  3 .....  8 parts/month 

The  total  costs  of  tooling  for  production  unit  number  one  as  shown 
In  the  cost  handbook  and  In  Appendix  1 (Column  7)  Include  the  costs  of  tool 
design,  computer  programming  and  many  other  Items  that  would  not  appear  If 
additional  sets  of  tools  were  required,  so  the  tooling  cost  Is  not  simply  a 
multiple  of  the  stated  tooling  cost.  The  cost  Increase  for  multiple  sets  of 
tools  was  assumed  to  increase  according  to  the  following  rates : 


TABLE  13 

CCST  MULTIPLIER  FOR  MUIZTIPLE  TOOLING 


No.  Sets  of  Tools 

1 

2 

3 

5 

7 

10 

20 

Cost  Multiplier 

1.0 

1.5 

2.0 

3.0 

4.0 

5.0 

7.0 

From  this  cost  multiplier,  the  following  tooling  rate  factors  were 
constructed: 


TABLE  ll+ 

TOOLING  RATE  FACTORS 


COMPONENT 

CATEGORY 

PRODUCTION  RATE  (COMPONENTS  PER  MONTH) 

0-8 

8-16 

16-30 

30-60 

60-80 

>80 

1 

1.0 

1.0 

1.0 

1.0 

1.0 

1.5 

2 

1.0 

1.0 

1.0 

1.5 

2.0 

3.0 

3 

1.0 

1.5 

2.5 

4.0 

5.0 

6.0 

This  table  is  presented  in  the  cost  handbook  and  the  individual 
component  data  sheets  identify  the  category  for  each  component. 
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d. 


Year  of  Production 


The  base  period  of  production  for  this  program  has  been  assumed  to 
be  mld-1976.  The  labor  rates,  materials  prices  and  general  costing  factors 
were  based  on  data  representative  of  mid- 1976  rates.  In  order  to  project 
costs  to  other  years,  an  adjustment  of  the  base  period  cost  is  necessary. 

The  recommendation  for  this  program  is  that  of  using  eui  overall 
factor  based  on  accepted  cost  indices.  The  Air  Force  recently  published  cost 
escalation  data  based  on  historical  and  forecasted  data  (Reference  8) . Data 
from  this  report  shows  cost  indices  for  three  types  of  manufacturing;  airframe, 
engine  and  avionics,  and  for  different  categories  of  costs  like  Engineering 
labor,  manufacturing  labor,  materials  costs,  overhead,  composite  development 
costs  €uid  production  costs.  The  recommendation  made  here  is  that  the  data  on 
production  costs  representative  of  engine  manufacturing  be  used. 

A second  source  of  cost  escalation  was  found  in  the  OSD  (Comptroller) 
Escalation  Indices  dated  August  1975.  This  is  the  one  used  by  Victor  (Reference 
(2))  to  adjust  costs.  Both  of  these  have  been  adjusted  to  1976  and  are  shown 
in  Table  15. 

The  suggestion  on  how  to  use  these  factors  is  to  calculate  the  mid- 
year of  production  and  use  that  date  to  adjust  the  baseline  cost  data.  Thus 
a five-year  production  program  starting  in  Janueury  1978  would  use  an  inflation 
factor  of  1.365. 

Jan  1978  + 5/2  = July  198O 
e.  Component  Design  Vaj'iations 

One  of  the  requirements  of  the  methodology  developed  in  this  program 
is  that  the  cost  estimator's  ramjet  look  something  like  the  ramjet  components 
that  are  contained  in  the  cost  handbook.  The  probability  of  finding  a ramjet 
engine  with  every  component  exactly  like  those  contained  in  the  cost  handbook 
is  quite  low;  however,  there  are  enough  selections  of  component  designs  that 
one  c€ui  come  close  to  making  a good  comparison. 

If  the  comparison  between  the  candidate  ramjet  and  the  baseline 
components  in  the  handbook  is  close,  the  reconmendation  is  to  use  the  cost 
data  as  it  is  presented  in  the  handbook.  If  the  differences  are  significant, 
there  should  be  allowances  made  in  the  cost  data  to  account  for  those  differ- 
ences. The  data  sheets  for  component  costs  have  a block  called  "Other 
Factors"  for  special  factors. 

One  way  in  which  a person  might  gain  some  insight  on  costs  for  a 
component  not  listed  in  the  cost  handbook  is  to  try  to  locate  two  components 
in  the  handbook  that  might  brewket  the  costs.  If  one  component  is  judged  to 
be  simpler  than  the  one  in  question  and  a second  component  is  judged  to  be 
more  conqplex,  the  coat  of  the  subject  conqponent  ahoTild  be  in  between. 

In  the  final  analysis,  some  engineering  judgement  will  be  required 
to  adjust  the  costs  to  compensate  for  design  variation.  Bi  many  cases,  the 
evaluator  will  have  to  consider  not  only  manufacturing  cost  adjustments,  but 
also  tooling  and  materials  euljustments. 
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TABLE  15 

COST  INFLATION  FACTORS 


COST  INFLATION  FACTORS 


1 YEAR 

INFLATION  FACTOR 

1.000 

1977 

1.092 

1978 

1.178 

1979 

1.271 

1980 

1.365 

1981 

1.453 

1982 

1.547 

1983 

1.650 

1984 

1.737 

1985 

1.808 

SOURCE: 

ASD  Cost  Escalation  Report 

No.  110-C  April  1976 

(Production  Data  - Engine  Mfg.) 

t-  ■■■  - . - ■ 

COST  INFLATION  FACTOR 


YEAR  INFLATION  FACTOR 


1978 

1.128 

1979 

1.174 

1980 

1.221 

1981 

1.269 

1982 

1.320 

1983 

1.372 

1984 

1.427 

1985 

1.485 

1986 

1.544 

1987 

1.606 

1988 

1.670 

1989 

1.737 

1990 

1.807 

SOURCE: 

OSD  (COMPTROLLER) 
Escallation  Indices 

August  1975 

RECCMMENDED  FOR  USE  WITH  VOUGHT  COST 
METHODOLOGY 


f.  Material  Variations 


The  three  main  structural  materials  estimated  in  the  program  vere 
17-4ph  stainless  steel,  4130  high  alloy  steel,  euid  a nickel  base  alloy, 

Inconel-7l8.  These  materisG-s  have  been  used  by  designers  of  high-performance 
aerodynamic  missiles  because  of  their  high  strength  i)erformance  at  high 
temperatures  and  their  inherent  resistance  to  environmental  degradation 
(corrosion).  Other  materials  could  have  been  selected  for  the  study  program, 
but  Vought’s  ALVRJ  data  base  included  specific  cost  data  on  many  components 
using  one  or  all  of  the  three  materials;  therefore,  cost  data  was  generated 
for  all  three. 

The  methodology  unfortunately  does  not  allow  the  cost  estimator 
completely  free  choice  on  the  materials  of  construction  for  his  ramjet.  If 
his  engine  components  are  not  constructed  of  one  of  these  three  eJloys  or 
a material  similar  to  the  alloys,  the  cost  estimate  ceui  only  be  roughly  ap-  i 

proximated.  Recognizing  that  this  situation  will  exist,  some  general  guidance  ' 

is  given  in  this  section. 

As  seen  in  the  previous  section,  the  cost  methodology  provides  a 
place  for  the  cost  estimator  to  employ  factors  in  any  area  he  choses.  If  his 
design  is  different,  he  may  adjust  the  baseline  cost  by  inserting  a multiplier 
in  the  "Other  Feictors"  column  on  the  cost  computation  sheet  and  adjust  any  or 
all  of  the  cost  elements. 

Materials  variations  can  be  handled  the  same  way.  It  does  require 
some  engineering  judgement  on  the  part  of  the  cost  estimator  if  he  expects 
to  get  reasonable  results.  If  the  material  he  wants  to  use  in  his  ramjet  is 
not  one  of  the  three  listed  in  the  handbook,  he  needs  to  think  in  terms  of 
the  key  differences  between  his  material  and  any  one  of  the  three  listed  and 
try  to  visualize  what  impact  that  has  on  cost.  For  example,  if  his  material 
is  easier  to  machine,  drill,  weld,  he  would  expect  the  manufacturing  cost  to 
be  somewhat  less  than  the  listed  handbook  costs.  If  it  is  more  difficult  to 
work,  he  should  expect  the  manufacturing  cost  to  be  somewhat  higher.  The 
real  question  becomes  that  of  how  much  higher  or  lower.  That,  of  course,  de- 
pends on  how  much  machining  or  drilling  or  welding  has  to  be  done  to  that 
peurticular  component  and  what  the  relative  contribution  to  total  manufacturing 
cost  those  operations  have. 

Referring  back  to  the  example  in  the  manufacturing  estimating 
section,  the  makeup  of  costs  for  manufacturing  is  split  between  many  different 
kinds  of  operations.  Table  l6  shows  the  various  shop  elements  that  were 
involved  in  the  fabrication  of  a 17-4  PH  sheet  metal  inlet.  A material  other 
than  17-4  would  be  expected  to  have  different  estimates  for  each  operation  and 
thereby  maJte  the  translation  to  manufacturing  dollars  rather  difficult. 

If  the  cost  estimator  knew  exactly  how  much  more  difficult  or  easy 
his  material  was  to  work  relative  to  one  of  the  three  materials,  the  details 
of  the  manufacturing  estimates  are  not  available  to  him  in  the  cost  handbook. 

Even  if  they  were,  his  zeal  for  the  task  before  him  would  no  doubt  diminish 
when  he  realized  the  amount  of  time  he  would  have  to  spend  with  the  resulting 
hundreds  of  detail  cost  computations  that  would  be  required  on  every  component. 
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He  has  two  basic  choices;  He  can  Mcept  the  numbers  of  one  of  the 
three  candidate  structural  materials  or  he  can  "modify"  the  cost  of  one  of 
the  materials  by  using  some  factor  in  the  "Other  Factor"  column  on  the  cost 
computation  form.  It  is  impossible  to  give  guidance  to  the  cost  estimator 
without  knowing  full  well  that  the  advice  is  bound  to  be  wrong  for  all  situa- 
tions but  some  generalizations  may  be  helpful. 

Relative  to  mauiufacturing  costs,  the  approximation  of  cost  variations 
between  materials  can  sometimes  be  made  by  comparing  the  variation  of  stauidard. 
hours  for  certain  operations  using  different  materials.  Reference  (l5)  showed 
some  of  this  data.  Table  17  is  a partial  summary  of  this  data. 


TABLE  17 


STANDARD  HOUR 

COMPARISONS 

Operation 

Dimensions 

Aluminum 

Titeuiium 

Stainless 

Steel 

Brake  Forming 

25-inches 

.0056 

.0154 

.0056 

End  Mill 

1 Pass  10-in. 

^ dieun.  cutter 

.0304 

.1277 

.1277 

Drill 

3/l6-in.  .125  gage 

.0016 

.0067 

.0032 

Turret  Lathe 

Face 

Chamfer 

.oo4o 

.0006 

.0017 

.0025 

.0017 

.0025 

Counter  Sink 

3/l6-inch 

.0014 

.0046 

.0028 

Squeure  Shear 

100  sq.  in. 

.0011 

.0011 

.0011 

Vought  made  some  rough  estimates  on  a few  components  assumed  to  be 
constructed  of  titanium  and  found  the  manul’actiaring  cost  compared  to  the  17-4 
FH  cost  numbers  by  factors  ramging  from  1.0  to  1.8  with  most  of  them  averaging 
around  1.3.  Reference  (2)  shows  a manufacturing  cost  factor  of  1.4  for  titanium 
compared  to  "steel."  These  bits  of  data  then  suggest  that  manufacturing  costs 
for  titanium  would  be  expected  to  be  slightly  higher  than  say  17-4  stainless 
steel  by  30-40%. 

Tooling  costs  are  very  difficult  to  deal  with  here.  Two  of  the 
three  Vought  selected  materials  have  virtually  the  same  tooling  cost  estimates. 
That  is  because  the  tooling  philosophy  adopted  at  the  outset  of  the  program 
could  not  distinguish  significant  differences  in  tooling  requirements  for  the 
17-4  PH  stainless  and  the  Inconel-7l8.  The  third  material,  however,  was  con- 
sidered to  be  somewhat  unique  relative  to  tooling  because  of  its  requirement 
for  a stress  relieving  heat  treatment  following  any  welding  operation  which 
required  additional  tool  fixtures.  The  tooling  costs  for  the  4130  steel  are 
therefore  typically  higher  than  the  other  two  materials.  The  only  suggestion 
that  might  be  made  to  the  cost  estimator  is  to  again  compare  his  material  to 
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one  of  the  three  materials  in  the  handbook.  If  significant  differences  in 
material  processing  are  apparent,  perhaps  a slight  adjustment  would  be  in 
order  for  the  tooling  costs. 

The  third  cost  element,  materials,  is  one  that  must  be  handled  very 
carefully.  There  is  a temptation  to  say  if  one  material  costs  $5/lb.  and 
another  costs  $10/lb.,  then  the  "material"  costs  for  the  second  will  be  twice 
as  much  as  the  first.  This  is  perhaps  true  if  you  are  simply  buying  raw 
material,  but  this  is  not  the  case  in  this  program.  Most  of  the  materials 
costs  in  this  program  reflect  a complex  combination  of  raw  materials  in 
various  forms  and  purchased  parts.  Referring  back  to  the  Materials  Estimating 
section,  a summary  of  materials  costs  was  shown  in  Table  3.  It  was  seen  that 
the  materials  cost  is  made  up  of  a combination  of  raw  materials  (sheet,  plate, 
rod,  etc.)  and  purchased  parts  (bladder,  vent  screen,  seals).  Assuming  that 
the  cost  estimator  wanted  to  estimate  the  costs  for  a fuel  tank  made  of 
structural  material  "X",  he  would  have  to  go  back  to  the  detail  estimating 
level  which  itemized  the  cost  of  every  part  as  shown  in  the  table.  A simple 
ratio  of  raw  material  costs  could  be  very  misleading  on  a component  like  this 
one  because  in  this  case,  the  raw  material  costs  are  a small  percenteige  of  the 
total  material  cost.  For  example,  in  this  case  a five  times  increase  in  raw 
materials  cost  over  the  17-4  PH  would  result  in  a total  component  cost  in- 
crease of  only  about  60^. 

To  have  any  confidence  in  adjusting  the  cost  estimates  for  different 
material,  the  estimator  would  have  to  have  considerably  more  information  than 
is  available  in  the  cost  handbook.  In  some  cases,  he  may  be  able  to  determine, 
based  on  the  value  of  the  baseline  materials  dollaors  in  the  cost  handbook 
and  the  component  sketch,  that  there  are  virtually  no  purchased  parts  or  com- 
plicated materials  estimate,  and  that  the  material  costs  are  basically  all 
raw  materials.  In  this  case,  he  may  elect  to  use  a raw  material  cost  factor 
to  adjust  materials  cost.  For  comparative  purposes  the  approximate  cost  of 
the  trree  baseline  materials  are  presented  in  the  following.  Table  l8. 

TABLE  18 

RAW  MATERIAL  COSTS 


7. 


METHODOLOGY  PROCEDURE 


The  previous  sections  have  briefly  described  the  types  of  ramjets 
that  were  considered  in  the  program  and  gave  some  illustrations  of  typical 
components  that  would  be  candidates  for  the  cost  handbook.  A description 
of  how  the  baseline  ccxnponents  were  estimated  followed  by  a discussion  of 
how  those  baseline  estimates  were  adjusted  to  compensate  for  size  variations, 
etc.,  was  also  presented.  This  section  will  now  describe  the  procedures 
that  will  be  used  by  a ramjet  cost  estimator  to  arrive  at  the  estimated 
production  cost  of  his  system. 

It  is  assumed  that  the  cost  estimator  has  the  following  information 
before  he  can  start  the  cost  estimating. 

(1)  Description  of  the  subject  ramjet 

(a)  Size  - all  key  dimensions 

(b)  Physical  arrangement  of  components 

(c)  Primary  material (s)  of  construction 

(d)  Type  of  propellants  and  fuels 

(e)  Type  of  fuel  management  system  - tank,  pump,  controls 

(f)  General  manufacturing  processes  employed  (sheet  metal, 
castings,  weldments,  etc.) 

(2)  Production  time  period  (specific  years  and  total  time) 

If  he  does  not  have  some  of  the  above  data,  he  will  have  to  make 
some  assumptions  and  selections  which  will  have  impact  on  his  costs.  Those 
assumptions  should  be  recorded  on  the  data  sheets  so  it  will  be  documented  for 
subsequent  reference  purposes. 

a.  Description  of  Data  Sheets 

There  are  two  basic  data  sheets  that  are  involved  in  the  cost 
computation.  The  first  data  sheet  is  a cost  summary  data  sheet  for  the 
complete  ramjet  assembly.  There  is  one  unique  cost  summary  sheet  for  each 
of  the  eight  ramjet  types.  Figure  38  illustrates  the  cost  summary  sheet 
for  the  Liquid  Fuel  Ramjet  - Integral  Rocket /Ram jet.  Note  that  the  data 
sheet  has  a section  for  each  major  subassembly. 
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FIGURE  3B  cost  SUT'IMARY  SHEET 


Components  within  those  subassemblies  are  also  listed  in  accordance  with  the 
WBS  for  the  ramjet  engine.  Figure  39  illustrates  the  WBS  for  the  LFRJ-IRR. 


pr 

i ' 


I 


LIQUID  FUEL  RAMJET  - IRR 


FIGURE  39  SYSTEM  WBS 

Note  also  that  there  is  a designation  of  a component  identification 
number,  for  example  A-1-  inlet  assembly.  This  denotes  that  one  of  the  inlet 
assemblies  in  the  A-1  section  of  the  cost  handbook  will  be  applicable  to 
this  engine  type.  (There  are  actually  eight  inlet  assemblies  under  section 
A-1  but  all  of  them  do  not  necessarily  apply  to  the  LFRJ-IRR.)  There  is  a 
blank  in  the  second  column  next  to  the  component  title.  This  is  for  insert- 
ing the  cost  of  that  component  after  it  has  been  computed. 

The  cost  summary  sheet  also  has  a blank  for  the  final  assembly 
cost.  The  total  ramjet  system  cost  is  ccxnputed  by  adding  all  of  the  individual 
cost  elements  on  the  data  sheet.  The  data  block  in  the  lower  right  hand 
corner  is  primarily  for  reference  purposes.  It  is  for  recording  data  such 
as  engine  size,  materials,  production  quantity,  dates  of  production  assumed,  etc. 
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j 

The  second  data  sheet  (actually  a series  of  similar  data  sheets)  is  | 
the  component  cost  computation  sheet  (see  Figure  Uo).  It  is  this  data  sheet  j 
that  is  used  to  compute  the  cost  of  the  individual  components  that  make  up  the  ] 
ramjet  assembly.  There  will  be  one  data  sheet  for  every  component  identified. 

An  illustration  of  a component  cost  computation  sheet  is  given  here.  j 
A brief  description  of  each  blank  that  must  be  filled  by  the  user  is  given  I 
below  (all  other  blanks  are  completed  in  the  cost  nandbook):  j 


COMPONENT  ID  NO.: 


COMPONENT  DESCRIPTION 


BASELINE  COST  COMPONENT  SIZE:  0 • 


SELECTED  COMPONENT  OPTION: 


SELECTED  COMPONENT  SIZE;  0» 


NO  COMPONENTS  REQD  PER  ENGINE: 


BASELINE 

COST 


|NO.  ENGINES  REQD:  TOTAL  COMPONENTS  REQO 


ASSUMED  PRODUCTION:  YEARS;  MID  YEAR 


ASSUMED  INFLATION  FACTOR:  (SEE  TABLE 


COMPONENT  PRODUCTION  RATE:  P 


PER  MONTH 


TOOLING  RATE  FACTOR; 


SPECIAL  FACTORS: 


(SEE  TABLE 


QUANTITY  COMPUTED 

FACTOR  FACTOR 

CURVES  ^ FACTOR 


OTHER 

FACTORS 


MATERIALS 


MANUFACTURING  S 


SIZE  FACTOR 
COST  ELEMENT 


17-4  STAINLESS  STEEL 


SIZE  FACTOR  COEFFICIENTS 


4130  STEEL 


INCONEL  718 


MATERIALS 


MANUFACTURING 


SIZE  FACTOR  EQUATION;  SF  - A01  » fA02|D  ♦ (A03)D^  WHERE  D ' 


tQUANTITV  TOOLJNG  jNQ  (OTMCR 

■ BASdlNC  COSTI  ■ ISliC  PACTORI  ■ f ACTQRl  ■ (RATE  FACTORl  ■ PER  ENGIN6I  « FACTORS)  ■ (TOTAL  TOOL  COSTI 

)■(  )•(  )-(  ) • ( ).  ( )•(»  ) 


IBAillINt  COSH  ■ ISIZI  fACTOHI  . IQUANtllV  FAC70HI  . INO  BEB  ENGINEI  > lOTMER  FACTORSI  ■ ITOTAL  MTl  COSTI 

I ■ ( ) ■ ( ) * ( )’{  ) • (» 


'BAStLINC  COST!  . iStZI  f ACTORJ  . tOUANffTV  FAfTOni  . (NO  PER  fNGINfl  . lOltll  M I A(  (OHS)  • (TOIAL  MFC.  COSTI 

^ )■(  )■(  )■(  )'(  )■(« 


total  cost  per  engine  - 


TOTAL  COST 
PER  ENGINE 


INFLATION 

FACTOR 

■ ( ) • 

ADJUSTED  COST  BER  ENGINE 


INSERT  THIS  VALUE  IN 
COST  SUMMARY  TA.LI 


FJOTIRE  ItO  COMPONKNT  COST  COMPUTATION  SHEET 


Many  of  the  blanks  in  Flfrure  I4O  will  already  be  completed  in  the 
cost  handbook  while  others  will  be  filled  in  by  the  cost  estimator.  A brief 
description  of  each  blank  is  given  below: 

Component  ID  No.  - This  is  the  alpha-numeric  designation  that  has  been 
assigned  to  this  particular  component.  Every  component  has  a unique  number. 

Component  Description  - The  name  and  brief  description  of  the  component. 
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Baseline  Cost  Component  Size  - Baseline  costs  for  each  conponent  are  given 
for  a particular  size  component.  This  identifies  the  size  of  the  baseline. 

In  this  case,  D represents  the  capture  area  of  the  inlet  in  square  inches 
or  the  diameter  of  the  engine.  (See  note  following  the  size  factor  equation 
near  the  center  of  the  data  sheet . ) 

Selected  Component  Option  - On  all  component  cost  computation  sheets  there 
are  more  than  one  design  option  from  which  the  cost  estimator  can  select. 

In  this  example  the  options  are  the  three  different  structural  materials, 

17-^+  stainless  steel,  U13O  steel  and  Inconel-7l8.  This  blank  is  for 
recording  which  option  the  cost  estimator  will  use  in  his  cost  computation. 

Selected  Component  Size  - This  is  for  recording  the  size  of  the  subject 
component  to  be  costed.  If  the  size  is  different  than  the  baseline  cost 
component  size  recorded,  then  a size  factor  computation  will  be  required 
using  the  size  factor  equation  given  on  the  data  sheet. 

No.  Components  per  Engine  - In  many  cases  there  is  more  than  one  component 
employed  in  each  engine,  (for  example  2 or  4 inlets  per  engine).  This 
blank  should  record  the  total  number  of  this  particular  component  required 
per  engine. 

No.  Engines  Required  - This  is  for  recording  the  total  production  quantity 
of  engines . 

Total  Coanponents  Reqvilred  - This  should  be  the  product  of  the  last  two 
blanks.  This  nvimber  will  be  used  in  obtaining  the  quantity  factor  for  each 
of  the  cost  elements. 

Assumed  Production.  Years , Mid  Year  - This  is  for  the  length  of  the 
production  program  and  the  mid  point  of  that  production  period.  This  is 
for  use  in  computing  the  Inflation  Factor  to  be  used  in  the  cost  computation. 

Assumed  Inflation  Factor  - This  blank  is  for  recording  the  factor  as  read 
from  the  Inflation  Factor  Table  in  the  back  of  the  cost  handbook. 

Component  Production  Rate  - This  should  be  the  component  production  rate  which 
is  computed  from  the  total  components  required  and  the  length  of  the  production 
period. 

Tooling  Rate  Factor  - This  is  for  recording  the  tooling  rate  factor  taken 
from  the  appropriate  table  in  the  back  of  the  cost  handbook.  The  referenced 
table  automatically  classifies  the  component  into  the  proper  category  for 
reading  the  correct  factor  to  be  used. 

Snecial  Factors  - This  is  a general  blank  for  recording  any  information  the 
cost  estimator  feels  is  pertinent  to  the  estimate. 

The  next  section  of  the  data  sheet  contains  the  baseline  cost 
data  for  the  three  cost  elements  (tooling  materials  and  manufacturing)  for 
each  of  the  options  that  are  listed.  The  costs  are  representative  of 
unit  number  one  production  costs  for  the  baseline  size.  Costs  are  selling 
cost  to  the  government  and  reflect  all  contractor  expenses  plus  fee. 


Quantity  Factor  Curves  - The  unit  one  costs  have  to  be  multiplied  by 
quantity  factors  which  are  taken  from  curves  presented  in  the  back  of  the 
cost  handbook.  This  block  identified  the  proper  quantity  factor  curves 
to  use  for  obtaining  the  correct  factor  to  use  for  each  of  the  cost  elements. 

Quantity  Factor  - This  block  is  for  recording  the  value  of  the  quantity 
factor  obtained  using  the  referenced  curve  and  the  total  components 
required. 

Computed  Size  Factor  - This  block  is  for  recording  the  size  factors  that 
are  computed  using  the  size  factor  equation,  the  coefficients  listed  on  the 
data  sheet  and  the  subject  con^jonent's  size. 

Other  Factors  - This  block  is  a location  for  recording  any  optional  factors 
the  cost  estimator  wants  to  use.  It  might  be  a "complexity"  factor  or 
"materials"  factor  or  any  other  auijustment  he  feels  is  warranted.  If  there 
are  no  adjustments,  the  factor  of  1.0  should  be  eir5)loyed  for  all  three 
cost  elements. 

The  next  portion  of  the  data  sheet  records  the  size  factor 
coefficients  that  are  recommended  for  use  in  the  stated  equation.  Note  at 
there  are  coefficients  presented  for  each  of  the  cost  elements  and  each  of 
the  options.  It  is  assumed  that  the  cost  estimator  has  access  to  a deck 
or  pocket  calculator  for  coTi5)uting  the  size  factor.  Care  should  be  given 
to  this  con5)utation.  Note  that  some  of  the  coefficients  will  be  negative. 
This  particiilar  data  sheet  shows  a single  variable  with  three  coefficients. 
Other  size  factor  equations  will  involve  two  variables  and  six  coefficients. 

The  final  segment  of  the  cost  computation  sheet  is  where  the 
actual  cost  con5)utation  is  done.  There  is  a blank  to  record  the  baseline 
cost  of  the  selected  option  and  blanks  to  record  all  of  the  factors  that 
are  confuted  and  recorded  elsewhere  on  the  data  sheet.  The  first  line 
computes  the  tooling  cost.  Care  should  be  taken  to  insure  that  the  base- 
line cost  and  all  the  factors  that  are  recorded  here  are  the  ones  associated 
with  tooling.  Similarly  the  ones  for  materials  and  ones  for  manufacturing 
must  be  in  the  proper  blank  in  order  to  compute  the  right  cost.  Note  that 
since  the  baseline  costs  and  quantity  factors  are  based  on  the  pro  rata 
"per  component"  cost,  each  of  the  three  cost  elements  must  be  multiplied  by 
the  number  of  components  per  engine  to  arrive  at  total  cost  per  engine.  A 
blank  is  provided  for  that  in  the  computation. 

After  each  of  the  cost  elements  are  conputed,  they  are  recorded 
at  the  end  of  the  lines  and  then  they  are  summed  to  arrive  at  one  total 
cost  per  engine  in  1976  dolljirs.  This  is  shown  at  the  very  bottom  of  the 
data  sheet. 


The  block  to  the  extreme  right  at  the  bottom  is  for  applying  the 
inflation  factor  multiplier  since  the  conputed  costs  have  been  based  on 
mid-1976  rates.  Hie  final  adjusted  cost  per  engine  at  the  bottom  is  the 
same  figure  that  is  also  recorded  on  the  cost  summary  sheet  opposite  the 
subject  component. 


b.  Sample  CaJ.culation 


A sample  calculation  is  provided  here  to  illustrate  how  the 
methodology  is  applied.  The  baseline  assumption  is  summarized  here; 


Type  of  Ramjet : 

Engine  Diameter: 

Material  of  Construction: 
Production  Quantity; 

Air  Induction  System; 


Fuel  System; 


LPRJ-IRR 

12" 

4130  steel 

2000  engine,  5 years  starting  1977 


2 inlets,  2 -dimensional,  sheet  metal. 

2 


o 

o 


Booster /Combustor  System;  o 


o 

o 


Capture  area  19.8  in  per  inlet 
Side  and  Aft  Fairings 
Deep  draw  combustor  chamber  32"  length 
Silica  phenolic  sustainer  nozzle 


Silica  phenolic  insert  booster  nozzle  with 
metallic  structure  #2 


o 

o 

o 


o 

o 

o 


Booster  nozzle  retention  assembly 
Case  port  covers  (2) 

Sustainer  igniter,  simple,  externally  located 

Booster  igniter,  nozzle  mounted 

S/A  with  manual  actuators 

CTPB  high  smoke  propellant 

Continuous  thermal  insiJ.ation 

Fuel;  JP-5 


Fuel  tank  - deep  draw  with  standpipe  and  full 
bladder  43"  length  overall 


o 

o 

o 


PMS  compartment  8"  long 
Tiirbopimp  and  RAT  scoop 


Fuel  control  - pneumatic  altitude  control 
with  hydraulic  amplification 


o 

o 


Wall  mounted  injectors  in  inlet  pads 


Submerged  folding  latinch  lug  and  tank  sway  brace 
FMS  compartment  submerged  folding  launch  lug. 
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The  following  step-ty-step  procedure  is  described: 


Step  1.  Select  from  the  eight  choices  of  ramjet  engine  types  the  one 
that  fits  the  subject  engine  to  be  costed.  In  this  case  it  will  be  the 
LFRJ-IRR. 

Step  2.  Evaluate  the  WBS  for  that  system  to  determine  which  sub-assemblies 
will  require  costing.  Refer  to  the  components  listed  in  the  WBS  and  the 
COTiponent  numbers  listed  in  the  blocks.  These  will  be  the  components  that 
will  normally  make  up  the  sub-assemblies. 

Step  3.  Take  the  cost  summary  sheet  for  that  particular  ramjet  engine  type. 
With  the  loose  leaf  feature  of  the  cost  handbook,  it  would  be  wise  to 
duplicate  this  and  other  data  sheets  frcm  the  handbook  so  they  can  be  used 
directly. 

Step  U.  Starting  with  the  first  component  (in  this  case,  the  air  induction 
system)  select  the  component  from  the  appropriate  section  of  the  handbook 
that  best  fits  the  design  of  the  subject  engine.  Record  on  the  data  sheet 
the  particular  one  selected.  In  the  example,  a sheet  metal  2-D  inlet  was 
assumed.  This  is  component  A-1-2.  Record  on  cost  summary  sheet. 


AIR  INDUCTION  SYSTEM 

(COMPONENT) 

A iCz'jmET  ASSEMBLY 

( ) 

A 2-  INLET  AFT  FAIRING 

1 ) 

A 3-  inlet  SIDE  FAIRING 

( ) 

Step  5.  Take  the  cost  computation  sheet  for  the  component  selected.  It 
will  be  on  the  opposing  page  in  the  cost  handbook.  Record  all  of  the 
appropriate  data  at  the  top  of  the  page,  e.g.,  size  information,  produc- 
tion information,  etc. 


COMPONENT  COST  COMPUTATION  SHEET 


IcOMPONENT  ID  NO  : A-l-P 

NO.  ENGINES  HEQD:  %000  TOTAL  COMPONENTS  REQP  \ 

COMPONENT  DESCRIPTION.  P-D  Al-'T 

INLET  ASSEMH,Y 

ASSUMED  PRODUCTION:  S' 

YEARS;  MID  YEAR  /979  1 

- SUXPrr  MSTAL  COHGTKUCTION 

ASSUMED  INTLATION  FACTOR: 

(SEE  TABLE 

CI-l  1 

BASELINE  COST  COMPONENT  Sl^£.  0 

■ 18  111“^ 

COMPONENT  PRODUCTION  RATE; 

66. 

PER  MONTH 

SELECTED  COMPONENT  OPTION 

~¥l30~sJ^ 

TOOLING  RATE  FACTOR; 

(SEE  TABLE 

TR-2  1 

SELECTED  COMPONENT  SIZE.  0-* 

/f.  8 lx*- 

SPECIAL  FACTORS: 

NO  COMPONENTS  REDO  PER  ENGINE 

Z. 

Step  6.  Select  from  the  options  that  are  available,  the  one  that  best  fits 
the  subject  engine.  In  this  case,  the  options  are  the  materials  of 
construction,  and  in  this  problem  the  material  is  U130  steel. 


BASELINE 

COST 

PEP  r^LET 

1 \ OPTIONS  1 

QUANTITY 

FACTOR 

CURVES 

QUANTITY 

FACTOR 

COMPUTED 

SIZE 

FACTOR 

OTHER 

FACTORS 

17-4 

stainless  steel 

Y \ 

fii.10  steel! 

INCONEL  718 

"tooling^ 

S 81.68''). 

T-l 

Hml 

■HHiHiHI 

materials 

jammmm 

fi  w.  1 

"s 

MT-1 

MANUFACTURING 

1 

FT-l 
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step  7.  Compute  the  size  correction  factors  from  the  equation  on  the  cost 
computation  sheet,  the  coefficient  and  the  size  data.  Record  in  the  appro- 
priate column.  Note  that  on  this  component  there  are  three  size  factors  -- 
one  for  tooling,  materials  and  manufacturing.  Use  the  coefficients  for  the 
option  selected. 


SIZE  FACTOR 
COST  ELEMENT 

17-4 

stainless  si 

peel 

\ 413£LiI£JlL  . 

INCONEL  718  1 

A02 

A03 

X AOl 

A02  _ 

A03 

\ AOl 

A02 

A03  i 

TOOLING 

.026003 

0002073'- 

. 56300 

-.000?3l^c 

•Ol^OTh 

MATERIAL^^ 

|MANUFACTURING\  .61563 

V.  60562 

.021)7-j5 

SI?E  FACTOR  EOUATION  SF  = AOl  . (AoTtTT'l  WWtlrt  b = 'lIl'lTjiS'AliliA'pHR 

INLET 

The  equation  for  the  tooling  size  factor  is 

SF  = .56390  + .028it5  (19.8)  - 0.00023^+56  (19.8)^  = 1.0353 
Record  on  the  cost  computation  sheet 


QUANTITY 

FACTOR 

CURVES 

QUANTITY 

FACTOR 

COMPUTED 

SIZE 

OTHER 

FACTORS 

T-l 

UJ ^ 

MT-1 

\ / 

MF-1 

' 

Repeat  for  the  other  size  factors  and  record. 

Step  8.  Determine  the  quantity  factors  by  referring  to  the  quantity  factor 
curves  listed  on  the  data  sheet,  (in  this  case  T-1,  MT-1,  MF-1  are  referenced.) 
these  curves,  in  the  back  of  the  cost  handbook  will  present  the  Quantity  Factor 
versus  Production  Quantity.  Read  the  appropriate  curve  and  record  the  factors 
on  the  cost  computation  sheet. 


TOOLING 

QUANTITY 

FACTOR 


Read  from  the  curve  for  total  number  of  components  to  be  produced 
(UOOO).  The  quantity  factor  for  tooling  is  0.001.  Record  this  in  the  quantity 
factor  blank.  Repeat  for  the  other  two  quantity  factors. 


— 

QUANTITY 

QUANTITY 

FACTOR 

v-x 

COMPUTED 

OTHER 

FACTORS 

factor\ 

CURVES  ^ 

SIZE 

FACTOR 

T-l 

[0.00/] 

1.03S3 

MT-1 

I.IOZO 

KF-1 

f.0327 

Step  9i  There  is  a provision  in  the  methodology  to  allow  the  cost  estimator 
to  make  adjustments  in  the  costs  for  whatever  reason  he  may  wish.  For 
example,  if  his  component  is  not  quite  the  same  as  one  in  the  handbook  he 
should  pick  one  that  is  similar  to  his  and  use  a complexity  factor.  If 
he  feels  that  his  component  is  more  complex  by  50%,  he  would  insert  a 1.5 
factor  into  the  other  factors  column.  If  he  felt  his  would  be  80%  as 
costly  he  would  use  0.80  in  the  other  factor  column.  Again  he  can  vary  any 
of  the  three  cost  elements  if  he  desires.  In  this  example  there  is  no  need 
for  adjustment  we  will  insert  a 1.0  which  is  used  to  represent  "no  change". 


- 

QUANTITY 

FACTOR 

CURVES 

QUANTITY 

FACTOR 

COMPUTED 

SIZE 

FACTOR 

OTHER 

FACTORS 

T-l 

0.00/ 

/.03S3 

KT-l 

0.b33 

/.(OZO 

( ) 

f^-1 

O./70 

/.03Z7 
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Step  10.  Another  factor  is  provided  for  the  sitiuition  where  production  rate 
may  be  particularly  high.  If  the  production  rate  exceeds  8 components  per 
month,  there  may  be  a need  to  adjust  the  tooling  costs  by  some  factor.  The 
data  sheet  will  reference  a table  in  the  back  of  the  handbook  (in  this  case 
Table  TR-2)  for  a factor  to  be  used. 


|nO.  engines  REQD;  XCOO  TOTAL  COMPONENTS  REDO  ^OOO  \ 

in  III  III^M  M 

197? 

ASSUMED  INFLATION  FACTOR: 

TABLE 

CI-l  1 

COMCONtNT  I'llODUCTlON  RATE; 

(66.7) 

TOODNG  RATE  FACTOR; 

V IS^E  TABLE 

SPECIAL  FACTORS:  V— ^ | 

Table  TR-2  shows: 


TABLE  TR-2 


PRODUCTION  RATE  (COMPONENTS  PER  MONTH) 

<8 

1 

■am 

30  - oOn 

L6o  - 80  i 

>80 

TOOLING  RATE 
FACTOR 

1.0 

1.0 

D 

1.5 

m 

3.0 

Insert  the  factor  2,0  in  the  blank 


NO  ENGINES  REQD.  2000 

TOTAL  COMPONENTS  REDO  Y^OO 

ASSUMED  PRODUCTION;,^  ^ 

YEARS,  MID  YEAR  /979 

ASSUMED  INFLATION  FACNqR: 

(SEE  TABLE 

CI-1  1 

COMPONENT  PRODUCTION 

PER  MONTH 

TOOLING  RATE  FACTOR:  ( 

a.O)  ISEE  TABLE 

TR-2  1 

SPECIAL  FACTORS; 

Step  11.  The  cost  estimator  is  now  able  to  compute  the  total  cost  of  the 
ccmponent.  At  the  bottom  of  the  cost  computation  sheet  are  blanks  which 
use  the  data  on  the  sheet  to  compute  the  costs.  In  this  example  there  are 
three  cost  elements  that  are  computed  and  added  together  to  arrive  at  the 
total  cost  of  that  component.  For  example,  the  total  tooling  cost  would 
be  computed  by  multiplying  the  baseline  tooling  cost  from  the  selected 
option  by  the  tooling  size  factor,  q\iantity  factor,  number  of  components 
per  engine,  tooling  rate  factor  and  other  factors  (if  appropriate). 


tooling  cost 


iQUANTiTY  TOOLING  (NO-  lOlMER 

leASELtNE  COST)  s (SIZE  FACTOR!  a FACTOR)  a (RATE  FACTOR)  r PER  ENGINE)  m FACTORS)  • (TOTAL  TOOL  COST) 

(s  98)0/3  )-{  /. 0353 ).( 0.00/ ) .(  2,0  ) . ( Z ) . ( /.O  ) ■ (»  V05; S'?  ) 


MATERIALS 


• BASELINE  COST)  ■ ISIZE  FACTOR)  « (QUANTITY  FACTOR)  ■ (NO.  PER  ENGINE)  a (OTHER  FACTORS)  - (TOTAL  MTL  COST) 

(s  ) » ( I « ( ) « ( ) « ( ) - (l 


emanufacturing  costs 


IBASELINE  COSTI  > ISIZE  FACTOR)  . IQOANTjTY  FACTOR)  > INO.  PER  ENGINE)  > (OTHER  FACTORS)  - ITOTAL  NIFC  COST) 

(*  ^)*( )•(  )-(  )■{  )■(*  ) 


total  cost  per  ENGINE  - (S 


TOTAL  COST 
PER  ENGINE 

(»  ) 

INFLATION 

FACTOR 

- ( ) ■ 
ADJUSTED  COST  PER  ENGINE 

(s  ) 

INSERT  THIS  VALUE  IN 
COST  SUMMARY  TABLE 
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The  same  thing  would  be  done  for  the  materials  cost  and  manufacturing 
costs.  The  three  elements  would  then  be  added  to  become  the  total  cost  per 
engine. 


^ TQOLII^CQST  L.  — 

IQUANTITY  TOOLING  (NO.  (OTHER 

(BASELINE  COST)  ■ ISI2E  FACTOR)  a FACTOR!  a (RATE  FACTOR)  a PER  ENGINE!  ■ FACTORS)  • (TOTAL  TOOL  COST) 

(S  9t,Oi3  ). {1.0153  )>{0.00l  ).(  2.0  ) • { Z ).  ( 1.0  )•(»  *^05.99  ) 

total  cost 

PER  ENGINE 

I 

inflation 
> FACTOR 

• ( ■ ) * 
ADJUSTED  COST  PER  ENOINE 

(*  ) 

INSERT  THIS  VALUE  IN 

COST  SUMMARY  TARLI 

— ' — ' ■ MATERIALS  COST~~  ■■■  - - rs— _ ~ 

(BASELINE  COST!  a (SIZE  FACTOR)  a (QUANTITY  FACTOR)  a (NO-  PER  ENGINE!  a (OTHER  FACTORS)  - (TOTAL  MTL  COST) 

(S  59  \Al-iot  ).(  0.639  ).(  z )■(  /.o  ).(t  Z/.6?  ) 

- - — . 1 ■ 1-  I ~ “ *1  -‘MANUFACTURING  COST"—'  ■ i.  . ■ . ..-~i 

(BASELINE  COST)  a (SIZE  FACTOR)  a (QUANTITY  FACTOR)  a (NO.  PER  ENGINE)  a (OTHER  FACTORS)  • (TOTAL  MFG  COST) 

(s  6,62?  ).  (4^7327  )-(  ).(  Z )-(  4^  )- (s  2,32.7  7/  ) 

TOTAL  COST  PCH  ENOINE  • (*  2,  9 ) 

Step  12.  The  only  remaining  calculation  on  the  computation  sheet  deals 
with  inflation  factor.  All  of  the  cost  data  is  representative  of  mid-1976 
costs;  therefore,  if  the  production  time-frame  is  different  an  adjustment 
must  be  made  according  to  the  inflation  factors  listed  in  the  table  in 
the  back  of  the  cost  handbook. 


TABLE  CI-1 


COST 

YEAR 

INFLATION  FACTORS 

INFLATION  FACTOR 

1976 

1.000 

1977 

1.092 

1978 

1.178 

- 1979 

1.271 

1980 

1.365 

In  the  example  problem  we  assumed  a five  year  program  beginning  in  1977 
^rtiich  would  put  the  mid  point  ofthe  program  at  mid-1979  (Janxiary  1977  + 

2 years  ■ July  1979)  ^ich  gives  a factor  of  1.271.  This  factor  is  used 
to  adjust  the  1976  cost  to  the  production  mid  year. 


TOTAL  COST 
PER  ENGINE 

(»  t,9iS  ) 

inflation 

FACTOR 

. ( i.ni  ) - 

ADJUSTED  COST  PER  ENGINE 

|s  3^57^  ) 

INSERT  THIS  VALUE  IN 
COST  SUMMARY  TARLf 
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This  adjusted  cost  is  the  component  cost  that  should  be  inserted  '' 

on  the  cost  summary  sheet. 


AIR  INDUCTION  SYSTEM  \ 

jCOMPONENTI 

A 1-  INLET  ASSEMBLY 

A 2-  INLET  AFT  FAIRING 

A 3'  INLET  SIDE  FAIRING 

A'S-  INLET  OPTIONS 

INLET  OPTIONS 

TOTAL  AIR  INDUCTION  SYSTEM 

Step  13.  Repeat  steps  4 through  12  for  the  second  component  on  the  cost 
summary  sheet.  Continue  until  all  of  the  component  costs  have  been  calcu- 
lated and  recorded  on  the  cost  summary  sheet. 


All  of  the  component  cost  computation  sheets  are  similar  to  the 
one  used  for  this  example,  but  with  some  small  variations.  The  greatest 
difference  is  that  all  components  do  not  have  three  cost  elements  to 
compute.  Instead  of  having  tooling,  materials  and  manufacturing  cost 
elements,  the  component  cost  is  "total  cost"  as  seen  in  the  case  of  the 
sustainer  igniter  (component  B-4-l-l)  . 


COMPONENT  ID  NO.:  B-U-l-l 

NO.  ENGINES  REQD:  TOTAL  COMPONENTS  REQD 

COMPONENT  DESCRIPTION:  SUSTAIHER  IGNITER  - EXTERNAL  - 
LFRJ 

ASSUMED  PRODUCTION:  YEARS;  MID  YEAR 

ASSUMED  INFLATION  FACTOR:  ISEE  TABLE  CI-1  1 

BASELINE  COST  COMPONENT  SIZE:  D - 15'* 

COMPONENT  PRODUCTION  RATE:  PER  MONTH 

SELECTED  COMPONENT  OPTION: 

TOOLING  RATE  FACTOR:  ISEE  TABLE  TR-1  1 

SELECTED  COMPONENT  SIZE;  D “ 

SPECIAL  FACTORS: 

NO.  COMPONENTS  REQD  PER  ENGINE: 

BASELINE 

COST 

OPTIONS  1 

QUANTITY 

FACTOR 

CURVES 

QUANTITY 

FACTOR 

COMPUTED 

SIZE 

FACTOR 

OTHER 

FACTORS 

DUAL 

INITIATORS 

DUAL 

BRIDGEWIRES 

SIMPLE 

NOZZLE 

TOTAL  COST 

s 9,127 

s 8,116 

S 7,1183 

S 

TC-l 

The  tables  and  figures  to  use  are  also  slightly  different,  but  the  methodology 
for  computing  cost  is  identical. 

As  the  cost  estimator  continues  down  the  list,  he  records  the  cost 
of  each  component  on  the  cost  summary  sheet. 

Step  l4.  The  only  remaining  cost  computation  is  that  of  the  final  assembly. 
There  is  a schematic  flow  chart  of  the  final  assembly  operations  and  a cost 
computation  sheet  for  each  of  the  eight  ramjet  engine  types.  Select  the 
appropriate  cost  computation  sheet  and  compute  costs  exactly  as  they  were 
done  for  the  components.  Record  the  assembly  cost  on  the  cost  summary  sheet. 

Step  13.  The  major  sub-assembly  costs  can  now  be  determined  by  adding  all 
of  the  individual  component  costs  under  each  section.  The  total  engine  costs 
are  then  conputed  by  adding  all  of  the  sub-assembly  costs  and  the  final 
assembly  cost.  A completed  cost  siiramary  sheet  is  attached. 
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TABLE  I I COST  SUMMARY  SHEET 
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VERIFICATION  OF  METHODOLOGY 


Since  there  is  little  production  cost  data  directly  applicable 
to  ramjet  engines,  the  verification  of  the  accuracy  of  the  Vought  methodology 
has  been  attempted  by  making  comparison  with  a number  of  other  cost  estimates 
on  ramjets  or  ramjet  sub-assemblies.  A brief  discussion  of  some  of  these 
comparisons  follows : 

Solid  Rocket  Motor;  The  most  meaningful  accuracy  test  is  one  which 
permits  comparison  of  costs  predicted  by  the  Vought  methodology  with  actual 
historical  cost  data.  The  solid  rocket  motor  represents  perhaps  the  only  sub- 
assembly  included  in  the  Vought  methodology  for  irtiich  such  a historical  cost 
data  base  exists.  Booz-Allen  completed  a study  in  1975  in 

which  a Cost  Estimating  Relationship  (CER)  was  developed  from  historical 
cost  data  for  27  different  solid  motors.  The  CER  selected  is  based  upon 
total  motor  weight,  propellant  mass  fraction,  and  sjjecific  impulse,  and 
fits  the  data  with  a standard  estimate  error  of  46'^.  In  order  to  compare 
the  Vought  methodology  and  Booz-Allen  CER,  costs  were  generated  using  both 
approaches  for  three  different  solid  motors.  One  of  the  solid  motors  has 
a 15 -inch  diameter  and  35 -inch  cylindrical  length.  The  second  and  third 
motors  are  6 inches  in  diameter  and  have  cylindrical  lengths  of  35  and  75 
inches.  The  Vought  methodology  assumptions  and  results  are  shown  in  Table  19. 
The  assumptions  and  results  for  the  Booz-Allen  CER  are  shown  in  Table  20. 

The  Vought  methodology  assumptions  for  case  metallics  and  propellant 
types  are  consistent  with  the  motors  evaluated  by  Booz-Allen.  The  propellant 
weights  used  as  input  to  the  Booz-Allen  approach  are  those  supplied  with  the 
information  furnished  by  Rocketdyne.  The  mass  fractions  shown  are  typical 
of  solid  motors.  .However,  an  examination  of  the  Booz-Allen  CER  disclosed  that 
variation  in  mass  fraction  frcm  0.6  to  0.85  at  constant  propellant  weight 
results  in  cost  changes  of  only  5 percent.  The  sea  level  specific  impulse 
assumptions  shown  are  achievable  with  the  propellant  selected.  However,  it 
should  be  noted  that  the  Booz-Allen  CER  is  heavily  specific  impulse  weighted 
and  a reduction  in  specific  impulse  of  10  sec  results  in  a cost  decrease  of 
approximately  8 percent. 

A comparison  of  the  cost  estimates  can  be  seen  in  Table  21.  The 
table  shows  the  ratio  of  the  costs  for  each  of  the  three  rocket  motors  at  the 
three  different  quantities.  The  only  real  significant  differences  in  estimates 
occurs  for  the  unit  nimiber  one  costs  where  it  is  seen  that  Vought' s method- 
ology predicts  significantly  higher  costs.  This  is  probably  because  the 
entire  "production  tooling"  cost  is  contained  in  that  estimate. 
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Component 

Cost  @ Unit  1 
($) 

Avg  Cost  for 
1500  Units 

Avg  Cost  for 

5000  Units 

. 4130  Case  and  Nozzle  Metallics 
. HTPB  High  Smoke  Propellant 
. 15"  Diameter  Case 

• 35"  Cylindrical  Motor  Length 
. 1976  Dollars 

Case 

130,774 

1,777 

1,477 

Nozzle 

62,100 

1,664 

1,436 

Igniter 

2,936 

934 

669 

Propellant 

55,770 

4,877 

3,559 

Total 

251,580 

9,252 

7,l4l 

. Ul30  Case  and  Nozzle  Metallics  . 35"  Cylindrical  Motor  Length 

. HTPB  High  Smoke  Propellant  . 1976  Dollars 

. 6"  Diameter  Case 


Case 

75,120 

1,091 

901 

Nozzle 

23,119 

492 

415 

Igniter 

2,230 

354 

254 

Propellant 

33,406 

2,259 

1,604 

Total 

133,875 

4,196 

3,174 

. 4130  Case  and  Nozzle  Metallics  . 75"  Cylindrical  Motor  Length 

. HTPB  High  Smoke  Propellant  . 1976  Dollars 

. 6"  Diameter  Case 


Case 

83,263 

1,171 

970 

Nozzle 

23,119 

492 

415 

Igniter 

2,230 

354 

254 

Propellant 

43,267 

2,582 

1,851 

Total 


151,879 


4,599 


3,490 


TABLE  20 


SOLID  MOTOR  COSTS  BASED  ON  BOOZ-ALLEN  CER 


Solid  Motor  Descrintion 

Element 

15"  Diameter 

25"  Length 

6"  Diameter 

36"  Length 

6"  Diameter 
75"  Length 

Propellant  Wt.,  lbs 

362 

' ' ■ " 1 

53 

108 

Mass  Fraction 

0.70 

0.70 

0.70 

Specific  Impulse,  sec. 

(at  sea  level) 

250 

250 

250 

Unit  1 Base  Cost 
(1973  Dollars) 

17,110 

4,208 

6,992 

Unit  1 Cost  Adj. 
for  Fwd  and  Aft 

Attachments , 

Fin  Actuator  Bosses, 
and  Temperature 

Capability 

23,400 

5,755 

9,562 

Adjusted  Unit  1 

Cost  in  1976 

Dollars  (per 

Ref.  5,  Engine  Proc.) 

32,339 

7,953 

13,215 

Adj'usted  Avg.  Unit 

Cost  @ 1,500  Units 

10,284 

2,529 

4,202 

Adj'usted  Avg.  Unit 

Cost  @ 5 >000  Units 

8,246 

2,028 

3,370 

TABLE  21 


CCMPARISON  BETWEEN  BOOZ-ALLEN  AND  VOUGHT  COST  ESTIMATE 


Solid  Motor 

Unit  No.  1 

Cost  Ratio 
(Vought/B-A) 

Unit  1500 

Cost  Ratio 
(Vought/B-A) 

Unit  5000 

Cost  Ratio 
(Vovight/B-A) 

15"  Diam 

35"  Length 

7.77 

0.899 

0.866 

6"  Diam 

35"  Length 

16.83 

1.66 

1.56 

6"  Diam 

75"  Length 

11.49 

2.27 

1.03 

Inlet  Assembly;  The  2-D  sheet  metal  inlet  costs  generated  by 
Vought  for  the  cost  methodology  have  been  ccanpared  with  cost  estimates  made 
by  Boeing  for  a 2-D  sheet  metal  inlet  designed  for  the  Modern  Ramjet  Engine 
(MRE).  In  order  that  the  two  inlet  design 

concepts  have  similar  complexity,  the  Vought  inlet  concept  must  include  the 
basic  inlet,  two  side  fairings,  an  aerodynamic  grid,  and  an  inlet  extension 
(welded  to  combustor  and  normally  considered  a part  of  the  combustor  assembly) . 
The  Vought  inlet  assembly  thus  defined  has  32  detail  parts  including  the  cast 
inlet  extension.  The  Boeing  inlet  has  approximately  39  detail  parts.  Since 
the  Vought  inlet  extension  is  a casting  >rtiich  takes  the  place  of  several 
detail  parts,  the  two  inlet  assemblies  are  considered  to  be  comparable  with 
regard  to  part  number  complexity. 

Cost  estimates  generated  using  the  Vought  methodology  are  presented 
in  Tables  22  and  23  for  inlets  constructed  from  4130  and  Inconel  718.  These 
data  are  applicable  to  an  inlet  capture  area  of  approximately  l8  square 
inches  and  are  based  on  a mid-1976  economy.  In  order  to  be  able  to  compare 
these  data  with  the  Boeing  data,  adjustments  are  reqvdred  for  capture  area 
increase  to  40  square  inches  and  de-escalation  to  a mid-1974  economy.  A 
capture  area  of  40  square  inches  was  calculated  for  the  MEE  inlet  without 
the  inlet  precompression  shroud.  The  shroud  does  not  contribute  significantly 
to  the  Boeing  inlet  cost  and  would  result  in  an  excessive  correction  if 
accounted  for  in  the  Vought  size  factor.  The  correction  factors  and  adjusted 
data  are  shown  in  Table  24. 

A ccmparison  of  the  adjusted  Vought  data  and  the  Boeing  data  shown 
in  Table  24  shows  that  the  Boeing  data  is  lower  by  22  percent  for  the  4130 
material  at  2,000  units.  Deleting  the  perforation  bleed  holes  and  seal  ring 
groove  on  the  Votight  inlet  (these  items  are  not  included  in  the  Boeing  design) 
reduces  the  difference  to  15.4  percent.  Comparable  cost  data  for  the  manufac- 
turing element  of  the  Inconel  718  inlets  shows  that  the  Boeing  estimate  is  46 
percent  lower  than  the  Vought  estimate.  The  source  of  this  rather  large 
difference  in  the  Inconel  estimate  may  be  due  to  a proportionately  greater 
amount  of  machining  required  for  the  Vovight  inlet  design. 
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TABLE  22 


COST  SUMMARY  FOR  2-D  U13O  STEEL  INLET  ASSEMBLY  USING  VOUGHT  DEVELOPED  METHODOLOGY 


2 

. 18  in  Capture  Area 

. 1976  Dollars 

• 

Inlet  Extension,  Aero  Grid,  and 
Side  Fairings  included 

Ccmponent 

Element 

Cost  @ Unit  1 

Av.  Cost  for 

20  Units 

Avg.  Cost  for 
2,000  Units 

2-D  Sheet 

Mfg. 

6,628 

3,911 

1,186 

Metal  Inlet 

Matls. 

58 

50 

37 

Tooling 

98,013 

4,901 

157 

Total 

104,699 

8,862 

1,380 

2-D  Inlet 

Mfg. 

1,382 

815 

247 

Side  Fairings 

Matls. 

34 

29 

22 

Tooling 

22,546 

1,127 

34 

Total 

23,962 

1,971 

303 

Inlet  Extension 

Mfg. 

509 

300 

91 

(Costed  as  part 

Matls. 

122 

104 

78 

of  comhustor) 

Tooling 

21,04? 

1,052 

32 

Total 

21,678 

1,456 

201 

Aerodynamic 

Mfg. 

294 

173 

53 

Grid 

Matls. 

104 

89 

67 

Tooling 

13,569 

678 

20 

Total 

13,967 

940 

l40 

Total  Assy 

Mfg. 

8,813 

5,199 

1,577 

Matls. 

318 

272 

204 

Tooling 

155,175 

7,758 

243 

Total 

164,306 

13,229 

2,024 

■ 1 
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TABLE  23 


COST  SUMMAEY  FOR  2-D  INCONEL-718  INLET  ASSEMBLY  USING  VOUGHT  DEVELOPED  METHODOLOGY 


2 

. l8  in  Capture  Area 

• 

Inlet  Extension,  Aero  Grid,  and 
Side  Fairings  included 

Component 

Element 

Cost  @ Unit  1 

Avg.  Cost  for 

20  Units 

Avg.  Cost  for 
2,000  Units 

2-D  Sheets 

Mfg. 

17,622 

10,397 

3,154 

Metal  Inlet 

Matls. 

545 

466 

350 

Tooling 

81,685 

4,084 

123 

Total 

99,852 

14,947 

3,627 

2-D  Inlet 

Mfg. 

2,573 

1,518 

46l 

Side  Fairings 

Matls. 

318 

272 

204 

Tooling 

14,843 

742 

22 

Total 

17,734 

2,532 

687 

Inlet  Extension 

Mfg. 

2,036 

1,201 

364 

(Costed  as  part 

Matls. 

620 

530 

399 

of  combustor) 

Tooling 

21,047 

1,052 

32 

Total 

23,703 

2,783 

795 

Aerodynamic 

Mfg. 

515 

304 

92 

Grid 

Matls. 

129 

110 

83 

Tooling 

13,569 

678 

20 

Total 

14,213 

1,092 

195 

Total  Assy. 

Mfg. 

22,746 

13,420 

4,071 

1,612 

1,378 

1,036 

Tooling 

131,144 

6,556 

197 

Total 

155,502 

21,354 

5,304 
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Complete  Engine  Assemblies;  A number  of  ramjet  engine  cost  estimates  have 
been  available  throtigh  references  (l),  (2)  and  (iT*).  A summary  of  these  is 
presented  in  Table  25.  During  the  buildup  and  checkout  of  the  Vought  Cost 
Methodology  a number  of  miscellaneous  engine  costing  exercises  have  also 
generated  some  cost  data.  In  some  cases,  the  costs  were  computed  using  the 
engine  configuration  and  quantity  specified  in  the  reference  docvnnents  (as 
well  as  they  could  be  defined)  to  determine  how  close  the  cost  estimates 
compared.  The  Vought  cost  estimates  are  presented  in  Table  26.  Note  that 
the  costs  are  broken  down  by  major  sub-assembly  to  give  some  visibility  of 
the  key  cost  driver  in  the  system  cost. 

A comparison  of  costs  has  been  made  between  the  two  sets  of  esti- 
mates for  the  engines  that  are  near  matches  in  size  and  quantity.  The  "other” 
engine  costs  have  been  adjusted  where  necessary  to  1976  costs  by  using  the 
OSD  Escalator  Indices  reported  in  reference  (2).  These  comparisons  are  shown 
in  Table  27. 

Study  of  the  table  "eveals  that  the  Voxight  Methodology  consistently 
predicts  higher  costs  of  the  engine  assemblies  than  any  of  the  previously 
reported  costs.  The  ratio  of  costs  goes  from  I.OO9  to  2.257,  which  on  the 
surface  does  not  appear  to  be  a good  correlation.  There  are  several  possible 
explanati  ons : 

1)  The  other  estimates  are  overly  optimistic. 

2)  The  Vought  costs  include  more  components  than  the  other 
estimates  considered. 

3)  The  other  estimates  were  made  on  the  basis  of  only  conceptual 
definitions  of  hardware  \rtiich  were  perhaps  unrealistic  for 
flight 

It  is  believed  that  ^ome  of  each  of  the  above  factors  may  account 
for  the  differences;  however,  it  is  not  possible  with  the  limited  amount  of 
data  that  is  currently  available  to  make  a more  thorough  assessment. 

One  factor  that  was  present  in  the  comparisons  was  the  lack  of 
specific  information  on  the  ramjet  engines  that  were  previously  costed. 
Information  on  structural  materials,  fuel  controls,  etc,  were  not  always 
available.  The  Vought  methodology  required  this  data  be  included  and  it  is 
possible  that  seme  different  assumptions  were  made. 

The  disparity  between  estimates  should  not  be  of  major  concern. 

The  important  thing  is  that  the  methodology''  and  the  approach  taken  in  the 
development  of  the  methodology  is  sound.  If  production  cost  data  becomes 
available  that  disproves  some  of  the  detail  cost  data  generated  by  Vought 
for  the  baseline  system,  the  baseline  costs  can  be  easily  adjusted  or 
modified  in  whatever  manner  is  believed  appropriate.  It  is  Vought' s belief 
that  the  cost  numbers  contained  in  this  document  and  in  the  Cost  Handbook 
are  the  best  available  to  date,  and  should  be  used  by  the  government  and 
industry  in  projecting  realistic  production  costs. 


hardware , 
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TABLE  25 


MISCELLANEOUS  RAMJET  COST  DATA 


— 

Engine 

No. 

& 

Ramjet 

Diameter 

(Inches) 

Quantity 

System 

Unit  Cost 
($) 

Year 

Cost 

Reference 

(1) 

(2) 

(3) 

LFRT-IRR 

(Series) 

9 

12 

15 

1500 

1500 

1500 

1 

Booz-Allen 

Estimate 

1 

5,930 

7,907 

10,572 

1973 

In  A.  Victor 
Paper 

Ref.  (2) 

(i+) 

LFRJ  (Med 
Cost) 

17.5 

3000 

Worked 

example 

34,463 

A.  Victor 
Paper 

(5) 

(6) 

(7) 

SFRJ*IRR 

SDR-IRR 

LFRJ-IRR 

00  00  00 

• • • 

1500 

1500 

1500 

Advanced 
Integrated 
Air  to  Air 
Missile 

(aiaam) 

Study 

6,680 

8,115 

9,165 

1973 

P.G.  Fry, 

1976  jannaf 

Propulsion 

Meeting 

Vol.  5 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(lU) 

(15) 

(16) 

LFRJ-IRR 

SDR-IRR 

SFRJ-IRR 

IiFRJ"IRR 

SDR-IRR 

SP'RJ — jIkR 

LFRJ— IRR 

SDR-IRR 

SP*RJ — IRR 

12.5 

12.5 

12.5 

8 

8 

8 

6 

6 

6 

5000 

5000 

5000 

5000 

5000 

5000 

5000 

5000 

5000 

Low  Cost 

Propuls ion 

Integration 

Study 

MAC-DAC 

Program. 

15,915 

15,250 

12,555 

11,370 

10,285 

8,015 

8,305 

6,000 

4,860 

1975 

Uhpublished 

Data 

Informally 

Received 

From  AFAPL. 

TABLE  26 


< 

0 

1 

COST  CAI 

1 Hilll  M M—— — 

ENGINE 

NO. 

TYPE 

RAMJET 

DIAMETER 

(IN.) 

INLETS 

QUANTij 

i 

SUB  ASSEMBLY 

COSTS 

: SA 

UNIT 

TOTAL 

C0ST($) 

(1) 

LFRJ-IRR 

12 

2 

5000 

Air  Induct.  3 5^0 
Boost/Ccmh  6,225 
Fuel  Mgt  5,630 
Final  Assy  2,028 

17,343 

(2) 

SDR-IRR 

6 

2 

5000 

AI  2 , 140 

B/C  3,637 

IW  2,771 

FA  935 

9,483 

(3) 

LFRJ-IRR 

15 

U 

1500 

AI  9,076 

*B/C  12,212 

FM  9,825 

FA  2,862 

33,975 

(U) 

LFRJ-IRR 

17.5 

1+ 

3000 

AI  9,724 

*B/C  17,992 

FM  10,981 

FA  2,989 

41,686 

(5) 

SFRJ-IRR 

8.5 

2 

1500 

AI  4,l44 

b/c  5,502 

FM  828 

FA  1,339 

11,813 

(6) 

LFRJ-IRR 

12.5 

1 

h 

5000 

AI  6,048 

6,383 

7,021 

2,148 

21,600 

*Includes  thermal  insulation  cost. 
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TABLE  27 


COMPARISON  OF  RAMJET  ENGINE  COST  ESTIMATES 


VOUGHT 

ENGINE 

NO. 

ENGINE 

DESCRIPTION 

QUANTITY 

UNIT  COST 

COMPARED 

REI 

ENGINE  NC 

TO  OTHER  C 
^RTED 
).  COST* 

OST 

RATIO 

VOUGffr  $/OTHEK  $ 

(1) 

12"  LFRJ-IRR 

5000 

17,3^3 

(8) 

17,189 

1.009 

(2) 

6"  SDR-IRR 

5000 

9,1+83 

(15) 

6,480 

1.463 

(3) 

15"  LFRJ-IRR 

1500 

33,975 

(3) 

15,212 

2.233 

(M 

17.5"LFRJ  IRR 

3000 

Ul,686 

(1+) 

34,1+63 

1.210 

(5) 

8.5"  SFRJ-IRR 

1500 

11,813 

(5) 

9,612 

1.229 

(6) 

12.5"  LFRJ-IRR 

5000 

21,600 

(8) 

17,189 

1.257 

* Adj\isted  to  1976  $ 
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POTENTIAL  APPLICATION  OF  COST  METHODOLOGY 


The  cost  methodology  developed  during  this  program  can  be  used  in 
a number  of  ways  to  help  the  ramjet  system  analyst  evaluate  his  ramjet  concept. 
The  methodology  can  be  employed  to  identify  major  cost  drivers,  investigate 
cost  sensitivity  to  design  changes,  support  general  costing  for  proposals  and 
even  be  useful  in  cost/effectiveness  trade  studies. 

Vought  has  had  occasion  to  use  the  methodology  to  make  some  brief 
studies  of  ramjet  components  and  configurations  in  connection  with  some  of 
its  advanced  missile  studies. 

1.  COST  DRIVER  STUDIES 

The  term  cost  driver  is  often  used  to  denote  a design  feature  of  a 
component  that  is  primarily  responsible  for  making  that  component  cost  what  it 
does.  The  reason  for  wanting  to  identify  the  cost  driver  of  an  assembly  or 
subassembly  of  a system  is  to  gain  insight  on  why  the  costs  are  high  (or  low) 
and  thereby  be  able  to  design  a lower  cost  assembly.  The  cost  methodology  is 
able  to  show  the  variation  in  cost  between  designs  as  well  as  to  identify  the 
major  cost  factors  at  different  production  quantities.  Figure  Ul  shows  two 
different  2-dimensional  inlet  designs,  both  made  of  the  same  material.  The 
cost  breakdown  on  each  of  the  inlets  is  shown  in  the  tables  at  the  bottom  of 
the  figure.  A look  at  the  tables  reveals  the  following  information. 

(a)  Tooling  costs  are  obviously  high  for  small  quantities. 

If  the  production  quantity  is  going  to  be  small,  con- 
siderable attention  to  reducing  tooling  costs  can  be 
very  productive. 

(b)  Tooling  costs  become  rather  insignificant  if  quantities 
get  out  into  the  thousands  or  tens  of  thousands  of  units, 
so  efforts  to  reduce  tooling  costs  for  large  quai'.tities 
is  not  very  significant . 

(c)  Design  variations  greatly  influence  costs.  Observe  the 
variation  in  manufacturing  cost  between  the  two  designs. 

There  are  obvious  trade-offs  that  might  be  made. 

(d)  Material  costs  are  not  important  in  one  design  but  are 
extremely  important  in  the  other.  The  key  cost  in  the 
one  design  is  the  large  casting  which  is  a vendor  supplied 
part.  This  is  a major  cost  factor  regardless  of  quantities. 

2.  GENERAL  COSTING  OF  PROPOSALS 

Vought  has  recently  made  some  proposals  to  the  government  on  some 
ramjet  missile  development  programs  and  was  able  to  use  the  cost  methodology 
to  supplement  or  back  up  the  independent  cost  estimates  in  certain  areas . It 
is  conceivable  that  the  cost  methodology  or  at  least  a part  of  the  methodology 
could  be  used  for  estimating  production  hardware  costs  other  than  ramjet  en- 
gines in  much  the  same  way  that  Vought  used  the  Army  Rocket  Motor  Computer 
program  to  develop  cost  data  for  ramjet  components. 
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FIGURE  1+1  VARIATION  IN  COST  ELEMENTS  WITH  QUANTITY 


3.  COST/EFFECTIVENESS  STUDIES 

In  many  instances  it  is  desirable  to  know  the  relationship  between 
system  performance  and  cost.  As  an  example,  Vought  has  been  conducting  in- 
house  studies  of  LFRJ-powered  missiles  to  perform  certain  missions . A 
baseline  system  design  was  established  and  its  basic  performance  character- 
istics determined.  Performance  trade  studies  were  conducted  for  small 
variations  in  the  missile  design  using  conventional  aerodynamic  and  propulsion 
analysis  techniques;  however,  it  was  also  of  interest  to  know  what  impact 
these  variations  had  on  cost — both  RDT  and  E cost  and  Production  Cost . The 
Voiight  ramjet  cost  methodology  was  employed  to  show  the  expected  variation. 
Table  28  shows  the  results  of  the  cost;  analysis. 
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SECTION  V 

CONCLUSIONS  AND  RECOMMENDATIONS 


This  program  has  attempted  to  advance  the  status  of  ramjet  cost 
estimating  techniques  by  the  establishment  of  a significantly  large  cost 
data  base  and  the  generation  of  a handbook-type  methodology  to  use  the  data 
base  for  predicting  costs  of  ramjets.  The  methodology  and  data  base  are 
applicable  to  a large  number  of  ramjet  types  and  configurations  and  can 
handle  variations  in  size,  production  quantities  and  production  rates. 

The  methodology  has  been  designed  to  be  used  by  cost  estimators 
with  only  limited  knowledge  of  ramjet  engines.  It  is  judged  to  be  fast, 
simple  to  use,  flexible  and  accurate. 

The  methodology  is  published  in  a separate  volume  called  "The 
Ramjet  Production  Cost  Handbook."  The  handbook  is  also  published  in  loose 
leaf  form  in  order  to  facilitate  the  working  of  the  handbook  and  to  allow 
for  future  additions  as  new  cost  data  become  available. 

The  methodology  has  been  checked  by  working  some  sample  problems , 
and  it  has  been  used  by  Vought  in  some  related  missile  cost/effectiveness 
and  cost  driver  studies . There  are  areas  where  the  methodology  can  be  im- 
proved. Several  things  are  specifically  recommended.  One  is  the  computeri- 
zation of  the  data  base  and  the  cost  computation.  Another  is  the  expansion 
of  the  data  base,  and  the  third  is  the  addition  of  some  general  engine 
performance  predictions  capability. 

1.  COMPUTERIZATION  OF  COST  METHODOLOGY 

The  current  methodology  has  been  designed  to  produce  the  cost  of 
a specific  ramjet  engine  configuration  in  approximately  2 to  h hours  using 
tables,  curves,  and  quadratic  equations  contained  in  a handbook.  In  certain 
studies,  it  is  often  desirable  to  investigate  the  impact  of  slight  variations 
in  the  design — such  as  alternate  manufacturing  processes,  configurations, 
materials,  or  even  sizes  on  cost  variations.  However,  it  would  be  very  time 
consuming  to  make  a complete  analysis  of  a number  of  variables  unless  the 
computations  can  be  automated  by  a rather  simple  computer  program. 

The  computerization  of  the  program  would  allow  a rapid  assessment 
of  a large  number  ®f  configurations  and  design  variables.  It  would  provide 
a valuable  tool  in  a "Design-to-Cost"  study  of  ramjet  engines.  It  could  be 
used  to  identify  which  components  were  the  primary  cost  drivers  under  certain 
situations  as  well  as  identifying  why  they  were  the  cost  drivers  (labor, 
materials , tooling , etc . ) . 

The  basic  cost  methodology  lends  itself  quite  well  to  computer 
implementation  since  it  is  founded  on  a building  block  approach.  The  gen- 
eration of  a routine  to  manipulate  the  basic  computations  and  to  store  the 
baseline  cost  data  ceui  be  accomplished  with  a nominal  amount  of  time. 
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2. 


EXPANSION  OF  COST  DATA  BASE 


The  current  program  has  resulted  in  the  identification  and  costing 
of  around  130  specific  components  many  of  which  are  constructed  of  three 
different  materials  making  a total  of  around  300  basic  components  that  make 
up  the  baseline  data  base  for  the  cost  handbook.  This  number  was  the  result 
of  a compromise  between  time  and  money  available  on  the  contract  and  the 
virtually  unlimited  configurations,  materials,  and  manufacturing  processes 
that  are  possible  candidates  for  ramjet  engines. 

The  present  data  base  for  canponents  is  a spin-off  of  the  Vought 
designed  and  built  ALVRJ  Liquid  Fueled  Integral  Rocket /RamJ et . Consequently, 
most  of  the  baseline  components  are  basically  designed  for  a 15-inch  diameter 
engine.  The  costing  methodology  provides  for  a scaling  up  or  down  of  the 
baseline  components'  costs  to  cover  a range  of  engine  diameters  from  a nominal 
6 inches  to  l8  inches.  While  the  approach  is  basically  sound,  there  are  some 
aspects  of  the  costing  which  it  does  not  consider — that  being  the  possibility 
of  component  "redesign"  to  take  advantage  of  manufacturing  processes  or  stock 
materials  that  could  result  in  more  simple  designs  and  consequently  less 
expensive  manufacturing  costs.  This  is  particularly  true  for  the  smaller 
engine  sizes  where  stock  tubing  might  be  substituted  for  a rolling  and 
welding  operation  using  sheet  stock  materials.  In  similar  manner,  many 
components  involving  the  Joining  of  many  small  parts  like  an  inlet  assembly 
might  be  redesigned  to  eliminate  a large  number  of  individual  parts  by 
combining  subcomponents  and  parts  or  combining  assembly  operations. 

An  expansion  of  the  components  data  base  to  include  additional 
configvirations , manufactiiring  processes,  and  material  of  construction  would 
provide  a broader  spectrum  of  choices  for  the  cost  handbook  user  in  attempting 
to  relate  his  specific  design  to  components  listed  in  the  handbook.  It  would 
result  in  higher  confidence  in  the  cost  estimating  because  it  would  require 
less  approximating  on  the  cost  equivalence  between  components  of  slightly 
differing  designs.  In  addition,  a fresh  look  should  be  given  to  the  component 
data  base  to  determine  if  smaller  engines  are  being  unnecessarily  penalized 
by  simply  scaling  down  a 15"  diameter  engine  component.  If  it  is  apparent 
that  the  smaller  engines  can  be  produced  with  more  simple  designs,  an  adjust- 
ment should  be  made  to  the  predicted  costs  to  account  for  this.  The  net 
result  should  be  the  generation  of  more  realistic  costs  for  the  smeller  engines. 

A "design-to-cost"  type  study  of  the  baseline  components  should  be 
made  to  determine  where  fabrication  processes  and  materials  might  be  modified 
slightly  to  accommodate  the  small  (6  to  10  inch  diameter)  engine.  If  it  is 
determined  that  there  is  a special  relationship  that  exists  between  size  and 
design  simplification  and  therefore  cost  reduction,  this  relationship  should 
be  established.  The  review  should  concentrate  on  the  high  cost  components 
and  the  fabricated  components  like  inlets,  combustors,  nozzles,  and  fuel  tanks. 

3.  SUPPLEMENTAL  PERFORMANCE  DATA 

Air  Force  tactical  missile  requirements  of  the  future  may  impose 
weight,  range,  speed  and  maneuverability  requirements  on  propulsion  systems 
that  can  only  be  met  with  ramjet  propulsion  systems.  Many  of  the  systems 
analysis  engineers  are  reluctant  to  evaluate  ramjet  engines  for  their  mission 
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studies  'because  they  do  not  have  sufficient  knowledge  of  the  performance 
potential  or  the  cost  of  ramjet  engines.  The  current  program  will  provide 
a tool  that  can  be  used  to  generate  good  cost  numbers  if  the  user  has  already 
determined  the  size  and  design/construction  features  of  a particular  ramjet 
propulsion  system.  There  is  still  lacking  a method  by  which  the  user  can 
determine  the  configuration  of  a ramjet  which  can  potentially  satisfy  speci- 
fied mission  requirements. 

It  is  possible  to  create  a section  of  the  cost  methodology  handbook 
which  will  permit  the  user  to  readily  obtain  reasonable  approximations  of 
range,  weight,  and  ramjet  engine  cost  with  a minimum  of  required  input  in- 
formation. 

Use  of  an  existing  Vought  computer  routine  can  be  made  to  generate 
parametric  performance  data  based  upon  typical  inputs.  Inputs  which  are 
Judged  to  have  the  least  effect  on  results  will  be  assigned  typical  values 
and  will  remain  constant  for  the  analyses.  Inputs  which  are  Judged  to  have 
the  greatest  impact  on  results  will  be  assigned  a range  of  values.  This 
latter  category  will  consist  of  missile  diameter,  engine  length,  nonpropuls ive 
weight,  ramjet  type,  and  trajectory.  The  variables  have  been  necessarily 
limited  in  order  to  achieve  an  approach  which  will  produce  reasonable  accuracy 
at  minimum  program  cost.  A summary  of  the  recommended  studj'  configurations 
and  assiunptions  is  included  in  Table  29.  The  output  data  could  be  displayed 
as  parametric  graphs,  tables,  or  equations  and  could  be  organized  such  that 
the  user  is  not  reqviired  to  be  knowledgeable  in  ramjet  technology  status  or 
limits . 
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TABLE  1-1.  BASELINE  COMPONENT  COST  ESTIMATES  - UNIT  NO. 
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TABLE  1-3.  BASELINE  COMPONENT  COST  ESTIMATES  - UNIT  NO. 
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TABLE  1-3.  BASELINE  COMPONENT  COST  ESTIMATES  - UNIT  NO. 


E-8  LIQUID  FUEL  DUCTED  ROCKET  - STAGED  BOOSTER  266.5  | 9,205  3,240  | 110,045  | — - 110,045  | 2,132  3,352  122,602 


TABLE  1-4.  BASELINE  COMPONENT  COST  ESTIMATES  - UNIT  NO. 

( SUBCONTRACTED  SD.RVTCES /MATERIALS ) 


B-7-2-2-1  HTPB  HIGH  SMOKE 
B-7-2-2-2  HTPB  LOW  SMOKE 


REFERENCES 


(1)  Rocket-Ramjet  Cost  Prediction  Methodology  (Final  Technical  Report), 
for  NWC,  China  Lake,  California,  under  Contract  No.  N000123-T^-C-1799 , 

July  1975 » by  Booz  Allen  Applied  Research. 

(2)  Victor,  Andrew  C. , "Parametric  Cost  Estimating  Relationships  for  Integral 
Rocket  Ramjet  Engine  Production",  1976  JANNAF  Propulsion  Meetings,  CPIA 
Publ.  280,  Vol.  I,  Pg.  393,  October  1976. 

(3)  Teten,  R.  C. , "Air  Launched  Low  Volume  Ramjet  Advanced  Development  Program 
ALVRJ-ADP  Final  Technical  Summary  Report,  Volume  I March  1977. 

(h)  Solid  Rocket  Production/Cost  Analysis  of  Ramjet  Engines,  Rocketdyne- 
McGregor  Division.  Enclosure  (l)  to  76RTI283  22  December  1976. 

(5)  Production/ Cost  Analysis  Ramjet  Engines,  Prepared  for  Vought  Corporation, 

PO  P-81t219U,  United  Technologies,  Chemical  Systems  Division  21  December  1976. 

(6)  Solid  Rocket  Production/Cost  Analj'sis  of  Ramjet  Engines  (Addendum  No.  l), 
Rocketdyne-McGregor  Division,  Enclosure  (l)  to  77RT0008. 

(7)  Production/Cost  Analysis  Ramjet  Engines,  CSD  Project  2617,  Supplemental 
Information,  RH0-06-77PM  28  January  1977. 

(8)  Aeronautical  Systems  Division,  "ASD  Cost  Escalation  Report",  Number  110-C, 
April  1976. 

(9)  Braendlein,  R.  K. , "Low  Cost  Ramjet  Fuel  Controls  (U)",  1973  JANNAF  Pro- 
pulsion Meetings,  CPIA  Publ.  242,  Vol.  II,  Pg.  265,  October  1973, 

(10)  Low  Cost  Fuel  Controls,  1973  JANNAF  Propulsion  Meeting,  CPIA  Publ,  242, 

Vol.  II. 

(11)  Marquardt  Report  (Currently  in  NWC  review  cycle),  MRE  Fuel  Management 
System  Component  Costs. 

(12)  Naval  Weapons  Center,  "Rocket-Ramjet  Cost  and  Reliability  Prediction 
Methodologies",  by  Booz  Allen  Applied  Research,  NWC  TP  5748,  July  1975,  to 
be  published. 

(13)  Production  Cost  Estimation  of  Rocket  Motor  Design,  for  U.S.  Army  Missile 
Command,  Redstone  Arsenal,  Alabama,  I5  December  I968,  under  Contract 
DAAHOI-68-C-O557.  by  Battelle  Memorial  Institute,  Columbus,  Ohio. 

(14)  The  Modern  Approach  to  Estimating  Manufacturing  Costs,  Industrial  Educa- 
tion Institute  Publication  No.  PMM-55,  Abstracts  of  Proceedings  from 
Seminar,  September  I966. 

(15)  Cost  Estimation:  An  Expert  Opinion  Approach,  Buffalano,  Fogleman  and 
Bielecki,  NASA  Technical  Note  NASA-TN-D-8256,  June  1976. 

(16)  Convair  Aerospace  Division  of  General  Dynamics  Report  AFFDL-TR-71-74 , 
Techniques  for  Estimating  Aerospace  Weapon  System  Structural  Costs, 

April  1972. 

(17)  Ramjet  Engine  Data  from  AFAPL. 


124 


ftU.S.Govarnment  Printing  Otflc*:  1978  — 757-080/470 


